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THE DEVELOPMENT OF A NONEQUILIBRIUM RADIATIVE HEAT TRANSFER 
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I. Project Synopsis 

This final rqwrt will attempt to concisely summarize the activities and accomplishments associated 
with NASA Grant NAG 9-680 and to include pertinent documents in an appendix. The project officially 
startedon June 1, 1993 and officially terminated on May 31, 1995 with a total funding of $55,563. 

Hie project initially had one primary and several secondary objectives. The original primary objective 
was to couple into the NASA Johnson Space Center (JSC) nonequilibrium chemistry Euler equation entry 
vehicle flowfield code, INEQ3D, the Texas A&M University (TAMU) local thermodynamic nonequilib- 
lium (LTNE) radiation model. This model had previously been developed and verified under NASA Lan- 
gley and NASA Jdinson sponsorship as part of a viscous shock layer oitry vehicle flowfield code. The 
secondary objectives were: (1) to investigate the necessity of including the radiative flux term in the 
vibrational-electron-electronic (VEE) energy equation as well as in the global energy equation, (2) to deter- 
mine the importance of including the small net change in electronic energy between products and reactants 
which occurs during a chemical reaction, and (3) to study the effect of atom-atom impact ionization reac- 
tions on entry vdiicle nrxiequilibrium flowfield chemistry and radiation. For each of these objectives, it 
was assumed that the code would be applicable to lunar return oitry conditions. i.e. altitude above 75 km, 
velodty greater than 11 km/sec, vdiere nonequilibrium chemistry and radiative heating phenomena would 
be significant In addition, it was tacitly assumed that as part of the project the code would be applied to a 
variety of fligjit conditions and geometries. 

Originally it was anticipated by both JSC and TAMU researchers that this project would be straight 
forward. Fundamentally, it appeared that the primary tasks were to modify INEQ3D to include radiative 
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flux in the global and VEE energy equations, make minor modifications in the vibrational coupling, chemis- 
try, and electron-electronic models in INEQ3D, and to make INEQ3D and the nonequilibrium radiation 
model compatible. Subsequently, the secmidaiy objectives could be studied and a variety of flight condi- 
ti<Mis investigated to verify the code. Since INEQ3D and its oxnpanion Navier-Stokes code had previously 
been applied to shuttle and other orbital return situations, it was believed that the project could be com- 
pleted in one year. 

Initially, some difficulties were encountered in the develr^ment of suitable computational grids and 
test cases. However, these were overcome by the acquisition of the grid goierator, GRIDGEN, and the 
helpful suggestions and trmning by Michael An of Lockheed and Chuck Campbell of JSC. Further, it was 
determined that the dianges required in the thermodynamic, chemistry, and vibratirxial-dissociation cou- 
pling models of INEQ3D to make them suitable for lunar return conditions were more extensive than origi- 
nally believed. Nevertheless the changes were determined and tire code was modified to include the TAMU 
LTNE radiation model in both coupled and uncoupled modes. These diaries are discussed Appendix I and 
the code dianges are detailed in Appendix II. The latter also includes standard input files, sample output 
files, and listings of all modified subroutines and include files, .^pendix II along with original user's 
guides associated with INEQ3D and the TAMU radiation model should enable an individual to utilize the 
modified code. 

Unfortunately, when attempts were made to apply the code to lunar return conditions, significant diffi- 
culties were encountered. These problems were associated with exbmiely slow convergence and frequent 
numerical instability and solution divergence. As a result, the primary task and challenge of tire project 
shifted to determining methods for achieving acceptable solutions arid to discovering foe origin of foe ineffi- 
ciency of the code. 

Progress at overcoming these difficulties was extremely slow but eventually a procedure was develop<M 
which led to reasonable and converged solutions. This process involved a chemical production rate 
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relaxation procedure and a stop restart process. Initially, solutions were started with a CFL number of 
two. However, as die solution progressed and &st electron-atom impact irxiization reactions became im- 
portant near the end of the nonequilibrium region when die flow ^proaches thermal equilibrium, the CFL 
number had to be reduced. Typically, every 4000 iterations the solution was examined. If instabilities 
were present then the CFL number was halved and the solution was rerun until the previous restart file 
from the time before any instabilities speared. If the solution were stable for two runs at the same CFL 
number, the CFL number was doubled for the next nm. Usually, convergence required approximately 
40,000 total iterations, not counting those which had to be discarded because of instabilities; and the final 
CFL number was about 0.0625. 

While this procedure worked, it was not efScient. On the TAMU Cray Y-MP (2-16), radiatively im- 
coupled cases required 1.084 x 10*^ CPU sec/iteration/grid point vriiile radiatively coupled cases were al- 
most four times slower. For a typical SO x 70 two dimensional grid, this meant that each solution required 
over 15,000 seconds per plane. Since 1NEQ3D requires at least two planes, a typical solution required 
over ei^t hours of CPU time. Thus, the present solution algorithm appears to be inefficient at lunar return 
conditions. 

To solve or even propose a solution for this lack of efficiency, the origin of the problem needed to be 
determined. The solution algorithm in INEQ3D is an implicit approach udiidi for the inviscid terms leads 
to a diagtxial system. Unfortunately, the chemical source terms associated with the ncxiequilibrium chemis- 
try lead in general in a fully implicit scheme to a full dwmical source Jacobian matrix. To decrease the 
<XMnputati(Mial effort, INEQ3D u^ a diagonal form of the chemical source Jacobian, u4iidi for orbital ra- 
tty conditions appeared to work well. 

Tq examine the impact of diagonalizing the chemical source term, chranical relaxation, in quiescrat 
oi^gra was examin^ using both fully implicit and various diagonalization approaches for the chemical 
source term. These results showed that a negative diagonal scheme could easily become unstable for 
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reasonable CFL numbers and that a positive diagonal scheme as used in INEQ3D, wMIe stable for small 
CFL numbers did not necessarily conserve elemental species. It was concluded that for large reaction sys- 
tems with many species, diagonaluation of the chemical source Jacobian could lead to significant time step 
restrictions and instability. 

It should be noted that previously INEQ3D had primarily been jqiplied to orbital return conditions with 
chemistry models c»ily involving five or seven species and very limited icMiization. For lunar return cases, 
die present studies utilized eleven species and 26 chemical reactirxis. These reactions contain many involv- 
ing ionizatirxi, and the time scales for the reactions vary widely. The latter, particularly the &st electron- 
atom impact kmizatiofl reactions, tend to make the govemiiig equations numerically stiff and appear to be 
the origin of the munerical difficulties. Fundamentally, it appears that die diagcmalizadon of the chemical 
source Jacobian is iiuqipropriate for lunar return conditions. A fiilly inqilicit chemistry scheme or a point 
inqilicit approach might be more suitable; and consideration could be given to modifying INEQ3D ^pro- 
priately in the future. 

As a result of these difficulties the project required twice as long as anticipated; and only two flowfield 
conditions and ermfigurations were extensively investigated, both of which were two dimensional. The first 
configuration was a 10 cm radius cylinder at 1 1.36 km/sec at 76.42 km, while the seccMid was a two dimen- 
sional blunt body qiproximating the Fire II vehicle at 11.37 km/sec at 81.86 km. While the latter corre- 
sponds to^e 1632 sec data point of the Fire II flight, the two dimensional body was about one-third size 
since the computational model was two dimensional and not axisymmetric. Odier flight conditions tmd 
three dimensional configurations were not studied due to the extensive computational difficulties. ' 

Nevertheless, the code was modified, nonequilibrium radiation gasdynamic coupling incorporated, 
methods for obtaining' results were developed, and rraults were obtained. U additi<Mi; tiie secohdruy ol^ec- 
tives were investigated and some significant accomplishments were a^hievi^ by the project. These are 
siunmarized below and discussed in detail in the Appendices. 
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II. Accomplishments, Conclusions, and Recommendations 

The acconqjlishments, conclusions, and recommendations resultiiig from this research project are as 
follows: 

1. The TAMU LTNE air radiation model has been incorporated into the NASA nonequilibrium 
diermo-diemical inviscid flowfield solver, INEQ3D. The radiation model can be used in either an uncou- 
pled or coupled mode. In the uncoupled mode, the radiative heating to the body is computed after the flow- 
field is converged and the effects of the radiative losses on the flowfield are not determined. In coupled 

‘jr 

operation, the consequences of radiative energy losses are included in an iterative maruier; and the final so- 
lution accounts for the effects of radiative cooling and coupling on the final flowfield solution and radiative 
heat transfer. 

2. The reaction chemistry model and vibration-dissociation coupling model has been modified. It now 
includes the option of using a TT,’ model for the effective temperature for dissociation reactions, the 
electron-electronic temperature for electron impact ionization and dissociation reactions, and the forward 
rate temperature in the local equilibrium constant. In addition, the vibrational relaxation time for individual 
species has been modified to include a collision cross section cutoff and to account for the diftusive nature 
of vibratitHial relaxation. 

3. A diemical production rate relaxation process has been incorporated to mitigate the numerical stiff- 
ness associated with the onset of very first reactions sudi as electron-atom impact ionization. 

4. The vibrational-electron-electronic enerpr equation has been modified to more correctly account for 
phenrnnena associated with lunar return. The fine electron - heavy particle energy exchange has been 
modified to include all heavy particles and to utilize collision cross sections appropriate for the collision 
partner. In addition, terms accounting for the cha^e in average electronic energy due to chemical reactions 
and for energy losses associated with radiative transfer have been included. Very few models have included 
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tbese terms in the vibration-electron-clectronic energy equaticm in the past. Note fliat the radiative flux 
term has also been included in the overall energy equaticm. 

5. While the present solution scheme is inefiScient for lunar return conditions, procedures have been 
develrq>ed fliat lead to converged solutions. 

6. It !^)pears that changes in electronic energy due to chemical reactions has a n^ligible effect on the 
overall vibrational-electron-electronic energy. 

7. It has been demonstrated that while a solution may 2 q>pear to be converged and subsequent itera- 
tions may predict only small changes in temperatures and chemical composition, these small changes can 

gigtiifiranf changes in the predicted radiative heat transfer. In the cases studied, changes in flowfield 
properties between 20,000 and 40,000 iterations were barely visible on plots, but during these iterations the 
radiatirm in the 2 - 4 eV range decreased, indicating strong sensitivity to molecular concentrations, while 
the radiation above 10 eV increased significantly. The latter was due to small dianges in electron- 
electrmic temperatures and in the atom, ion, and electrcxi concentrations. Thus, for high altitude lunar 
return conditions, the predicted radiative heating as well as equation residuals and flowfield proper- 
ties must be monitored to determine acceptable convergence. 

8. Studies have determined that atom-atom impact ionizaticMi reactions such as N + N = N+ + e + N 
might be very important in seeding subsequent electron-impact ionization reactions in air. The importance 
of tiiese reactions has never been definitively determined. Some investigators have ignored the reactions. 


asaiming them to be unimportant for air where other ioruzatirxi reactions could seed the flow vdth elec- 
trxMis, v^e others have included them using estimates for the reaction rate. These estimates could easily 
be in error by an order of magnitude. In the current studies decreasing the estimated forward rate by an 
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order of magnitude had only a minor effect, but increasing the rate by an order of magnitude dramatically 
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decreased the shock standoff distance while significantly increasing the amount of the shock layer in ther- 
mal and near chemical equilibrium. Consequently, the predicted radiative heat transfer increased by a 
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filctor of approximately 2.S. This strong sensitivity to a single reactitm rate and its consequence of a 
larger equilibrium zone is interesting, particularly considering that in many cases the Fire II ejq>eriment has 
been better predicted using equilibrium methods in r^ons wdiere it would be anticipated that the flow is al- 
most entirely in iKxiequilibrium. Thus, it is believed that further studies of the sensitivity of radiative 
hgating to **estimated” reaction rates are needed and that particular emphasis should be placed upon 
those reactions, such as atom-atom impact, which seed the flow with electrons prior to electron ava- 
lanche. 

9. Comparison of the present results with those obtained previously using the TAMU radiation model 
in a viscous shock layer code for similar flight corulitions indicate differences in the electron-electronic tem- 
perature in the nonequilibrium region. While all the codes used identical chemistry, the previous codes 
used dther a three temperature (T, T„ T^^ or a multiple vibrational temperature (T, 

model with a MCVDV vibration dissociation coupling model. The present method uses only two tenq)era- 
tures (T, T.^„^ , and a Park like vibration dissociation coupling model. In general, the present method 
yidded electnMi-electronic temperatures in the nonequilibrium zones lower than the MCVDV methods. 
Thus, it appears that vibration-dissociation coupling is important even at lunar return conditions and 
that further study of the influence and accuracy of vibration-dissociation models on radiative heat 
transfer in this flight regime is needed. 

10. Studies to determine the importance of including radiative flux terms in both the global energy 
equation and in the vibration-electron-electronic energy equation were inconclusive. Further studies of the 
importance of the radiative flux term in the VEE equation are needed. 

11. It is believed that the origin of the convergence and stability difficulties encountered at lunar return 
conditions is due to the use of a diagonal implicit scheme to rqrproximate the chemical source Jacobian. 
For lunar return conditions involving many species, significant ionization and radiation, and reactions hav- 
ing disparate time scales, it may be necessary to use either fiilly implicit chemistry or a point implicit 
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approach. Further studies on methods to efficiently handle the ionization chemistry associated with 


lunar return conditions are needed. 
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ABSTRACT 

Viability of the Diagonal Implicit Algorithm for Hypersonic Flowfields with Finite 

Rate Chemistry. (December 1994) 

Christopher John Roy, B.S.E., Duke University; 

M.S., Texas A&M University 
Chair of Advisory Committee; Dr. Leland A. Carlson 

The diagonal implicit algorithm has been examined for high speed, moderate 
density flows. In this flight regime, nonequilibrium thermal, chemical, and radiative 
effects are important and the determination of these finite rate processes, coupled with 
a tiiree dimensional flowfield solver, can require large computational resources. In order 
to minimize computational costs, Imlay ct al. proposed a diagonal implicit solution 
algoridim. For the extreme conditions of planetary return examined in this report, the 
avalanche ionization phenomenon gave rise to fast chemical reactions in the stagnation 
region. The diagonal implicit algorithm was found to give unsatisfactory convergence 
rates in this region due to numerical instabilities, even at reduced CFL numbers. Thus, 
the diagonal implicit approximation is not feasible for flows with flist chemical reactions. 
In addition, changes in the atom impact ionization rates for nitrogen were found to 
significantly affect the flowfield properties and radiative heat transfer. 



IV 


ACKNOWLEDGEMENTS 

The author would like to thank Dr. Leland Carlson for his guidance and patience 
diuing the writing of this diesis. Thanks go to project monitors Dr. Carl Scott and Joe 
Caram of NASA-Johnson Space Center as well as Dr. Luen Tam of Lockheed, whose 
flowfield code formed the basis for this research. Special thanks to Michael An of 
Lockheed and Chuck Campbell of NASA-JSC, who provided invaluable assistance with 
the 1NEQ3D flowfield solver. The author would also like to thank Dr. Jack Edwards of 
North Carolina State University for die discussions on numerical sdffiiess of reacting 


flows. 



V 


TABLE OF CONTENTS 

Page 

ABSTRACT «» 

ACKNOWLEDGEMENTS iv 

TABLE OF CONTENTS v 

UST OF TABLES vii 

LIST OF HGURES viii 

NOMENCLATURE «ii 

INTRODUCTION 1 

Test Configurations 3 

BACKGROUND 4 

FLOWFIELD THEORY 9 

Governing Equations 9 

Solution Scheme 

Two Temperature Model 15 

Thermodynamic Model 16 

CHEMICAL KINETICS 19 

Chemical Rate Model 22 

Chemical Production Rates 24 

Chemical Production Rate Relaxation 25 

Relaxation Processes 26 

Chemical and Radiative Coupling 29 

RADIATION THEORY 32 

Radiation Correction Factors 32 

Tangent Slab Approximation 33 

NUMERICAL ISSUES 35 

Chemical Relaxation in Quiescent Oxygen: A Test Case 37 



vi 


TABLE OF CONTENTS (CONTINUED) 

Page 

Diagonal Implicit Scheme 

DISCUSSION OF RESULTS 43 

Cylinder Flowfield Results 47 

Fire 2 1632 Flowfield Results 68 

Quiescent Oxygen Results 

CONCLUSIONS 88 

REFERENCES 90 

APPENDIX 93 

VITA 95 



Vll 


LIST OF TABLES 

Page 

Table L Reaction System for 11 Species Air 21 

Table n. Hypersonic Flowficld Case Summary , 43 

Table ILL Summary of Flowfield Results for the Cylinder Configuration 67 

Table IV. Summary of Results for the 1632 Configuration 81 



viii 

LIST OF FICmiES 

Page 

Figure 1: Cylinda: Grid - 50x70 Grid Points 45 

Figure 2: 2D Fire 2 Grid - 50x80 Grid Points 46 

Figure 3: Cylinder Case - Thermal Profile wifliout Radiative Coupling, 20,000 

and 40,000 Iterations 48 

Figure 4: Cylinder Case - Density and Pressure Profiles without Radiative 

Coupling, 20,000 and 40,000 Iterations 48 

Figure 5: Cylinder Case - Mole Fractions at 20,000 Iterations without 

Radiative Coupling 49 

Figure 6: Cylinder Case - Mole Fractions at 40,000 Iterations without 

Radiative Coupling 49 

Figure 7: Cylinder Case - Grouped Radiative Spectra without Radiative 

Coupling, 20,000 and 40,000 Iterations . . • 

Figure 8: Cylinder Case - Detailed Radiative Spectra wifliout Radiative 

Coupling, 20,000 and 40,000 Iterations 51 

Figure 9: Cylinder Case - Thermal Profile without Radiative Coupling Along 

Grid Lines i = 15 and i = 30 52 

Figure 10: Cylinder Case - Thermal Profile witiiout Radiative Coupling Along 

Grid Lines i = 40 and i = 50 52 

Figure 11: CylindCT Case - Density and Pressure Profiles without Radiative 

Coupling Along Grid Lines i = 15 and i = 30 53 

Figure 12: Cylinder Case - Density and Pressure Profiles witiiout Radiative 

Coupling Along Grid Lines i = 40 and i = 50 53 

Figure 13: Cylinder Case - Mole Fractions without Radiative Coupling Along 

Grid Line i = 15 54 

Figure 14: Cylinder Case - Mole Fractions without Radiative Coupling Along 

Grid Line i = 30 54 



IX 


LIST OF FIGURES (CONIINUED) 

Page 

Figure 15: Cylinder Case - Mole Fractions wifliout Radiative Coupling Along 

Grid Line i = 40 55 

Figure 16: Cylinder Case - Mole Fractions without Radiative Coupling Along 

Grid Line i = 50 55 

Figure 17: Cylinder Case - Thermal Profile witiiout Radiative Coupling Along 

the Body 56 

Figure 18: Cylinder Case - Density and Pressure Profiles witiiout Radiative 

Coupling Along the Body 56 

Figure 19: Cylinder Case - Thermal Profile, Decreased Atom Impact 

Ionization Rates Versus Carlson's Rates 58 

Figure 20: Cylinder Case - Density and Pressure Profiles, Decreased Atom 

Impact Ionization Rates Versus Carlson's Rates 58 

Figure 21: Cylinder Case - Mole Fractions for Carlson's Atom Impact 

Ionization Rates 59 

Figure 22: Cylinder Case - Mole Fractions for Decreased Atom Impact 

Ionization Rates 59 

Figure 23: Cylinder Case - Grouped Radiative Spectra, Decreased Atom 

Impact Ionization Rates Versus Carlson's Rates 60 

Figure 24: Cylinder Case - Detailed Radiative Spectra, Decreased Atom 

hnpact Ionization Rates Versus Carlson's ^tes ^ 60 

Figure 25: C^linda: Case - Thermal Profile, Increased Atom Intact 

Ionization Rates Versus Carlson's Rates 62 

Figure 26: Cylinder Case - Density and Pressure Profiles, Increased Atom 

Impact Ionization Rates Versus Carlson's R^s ^ 62 

Figure 27: ^ ^linder Cas^ - Mole Fmetions for Carlson's Atom Intact 

Ionization Rates 

Figure 28: Cylinder Case - Mole Fractions for Increased Atom Impact 

Ionization Rates 63 



X 


LIST OF FIGURES (CONTINUED) 


Page 


Figure 29: Cylinder Case - Grouped Radiative Spectra, Ricreased Atom 
Intact Ionization Rates Versus Carlson's Rates 64 

Figure 30: Cylinder Case - Detailed Radiative Spectra, Increased Atom 

Intact Ionization Rates Versus Carlson's Rates 64 

Figure 31: Cylinder Case - Thermal Profile, Radiative Coupling in the Global 

and VEE Energy Equations Versus Uncoupled 66 

Figure 32: Cylinder Case - Mole Fractions, Radiative Coupling in die Global 

and VEE Energy Equations Versus Uncoupled 66 

Figure 33: Fire 2 1632 Case - Thermal Profile wiUiout Radiative Coupling, 

19,000 and 38,000 Iterations 69 

Figure 34: Fire 2 1632 Case - Density and Pressure Profiles without Radiative 

Coupling, 19,000 Iterations and 38,000 Iterations 69 

Figure 35: Fire 2 1632 Case - Mole Fractions at 19,000 Iterations widiout 

Radiative Coupling 70 

Figure 36: Fire 2 1632 Case - Mole Fractions at 38,000 Iterations without 

Radiative Coupling 70 

Figure 37: Fire 2 1632 Case - Grouped Radiative Spectra without Radiative 

Coupling, 19,000 Iterations and 38,000 Iterations 71 

Figure 38: Fire 2 1632 Case - Detailed Radiative Spectra without Radiative 

Coupling, 19,000 Iterations and 38,000 Iterations ....... 71 

Figure 39: Fire 2 1632 Case - Thermal Profile without Radiative Coupling 

Along Grid Lines i = 15 and i = 30 ..... 73 

Figure 40: Fire 2 1632 Case - Thermal Profile without Radiative Coupling i 

Along Grid Lines i = 40 and i = 50 .... r. . . . . . . . . .... .>■ ; .... 73 

Figure 41: Fire 2 1632 Ckse - Density and Pressure Profiles without Radiative * 

Coupling Along Grid Lines i = 15 and i = 30 ......... J 74 

Figure 42: Fire 2 1632 Case - Density and Pressure Profiles without Radiative ^ 

Coupling Along Grid Lines i = 40 and i = 50 74 



XI 


LIST OF FIGURES (CONTINUED) 

Page 

Figure 43: Fire 2 1632 Case - Mole Fractions widiout Radiative Coupling Along 

Grid Line i = 15 75 

Figure 44: Fire 2 1632 Case - Mole Fractions without Radiative Coupling 

Along Grid Line i = 30 75 

Figure 45: Fire 2 1632 Case - Mole Fractions without Radiative Coupling 

Along Grid Line i = 40 76 

Figure 46: Fire 2 1632 Case - Mole Fractions without Radiative Coupling 

Along Grid Line i = 50 76 

Figure 47: Fire 2 1632 Case - Thermal Profile without Radiative Coupling 

Along the Body 77 

Figure 48: Fire 2 1632 Case - Density and Pressure Profiles without Radiative 

Coupling Along the Body 77 

Figure 49: Fire 2 1632 Case - Thermal Profile, Decreased Atom Impact 

Ionization Rates Versus Carlson's Rates 78 

Figure 50: Fire 2 1632 Case - Density and Pressure Profiles, Decreased Atom 

Impact Ionization Rates Versus Carlson's Rates 78 

Figure 51: Fire 2 1632 Case - Mole Fractions for Carlson's Atom Impact 

Ionization Rates 79 

Figure 52: Fire 2 1632 Case - Mole Fractions for Decreased Atom Impact 

Ionization Rates 79 

Figure 53: Fire 2 1632 Case - Grouped Radiative Spectra, Decreased Atom 

Impact Ionization Rates Versus Carlson's Rates 80 

Figure 54: Fire 2 1632 Case - Detailed Radiative Spectra, Decreased Atom 

Intact Ionization Rates Versus Carlson's Rates 80 

Figure 55: Oxygen Dissociation - Temperature Comparison for Fully Implicit, 

Diagonal (-), and Diagonal (+), At„ = 1x10'^ 83 

Figure 56: Oxygen Dissociation - Mass Fraction Comparison for Fully 

Implicit, Diagonal (-), and Diagonal (+), At„ = 1x10 ’ 83 



Xll 


LIST OF nCURES (CONTINUED) 

Page 

Figure 57: Oxygen Dissociation - Temperature Comparison for Fully Implicit, 

Diagonal (-), and Diagonal (+), At, = IxlO"* 84 

figure 58: Oxygen Dissociation - Mass Fraction Comparison for Fully 

Ih^licit, Diagonal (-), and Diagonal (+), Al, = 1x10'* 84 

Figure 59: Oxygen Recombination - Temperature Comparison for Fully 

Implicit, Diagonal (-), and Diagonal (+), At, = 1x10’’ 85 

Figure 60: Oxygen Recombination - Mass Fraction Comparison for Fully 

Implicit, Diagonal (-), and Diagonal (+), At„ = 1x10 85 

Figure 61: Oxygen Recombination - Temperature Comparison for Fully 

Implicit, Diagonal (-), and Diagonal (+), At„ = IxlO"* 87 

Figure 62: Oxygen Recombination - Mass Fraction Comparison for Fully 

Implicit, Diagonal (-), and Diagonal (+), At„ = IxlO"* 87 



NOMENCIATUBE 


A3.C 

C,A 

Dk 

F.G.H 

G 

cr 

1 

j 

K. 

Kp 

M 

Q 

Q 

Qrad 

R 

dt 

T 

T. 

Vol 

af 


gi 

h“ 

k 

m 

n 

P 

q 

qr 

U,V,W 

x,y;z 

M 

A 

6|im 

e. 

A 

X 


inviscid flux Jacobians 

specific heat at constant pressure, volume 

Damkohler number 

inviscid flux vectors . 

positive, negative components of the inviscid flux 

Gftjb's free energy 

Gibb's free energy evaluated at 1 atmosphere 
identity matrix 

Jacobian of the coordinate transformation 

equilibrium constant based on concentrations 

equilibrium constant based on partial pressures 

molecular weight 

vector of primitive variables 

partition function 

radiative source vector 

imiversal gas constant 

forward, backward reaction rates 

residual 

temperature 

Park's effective temperature 
cell volume 
frozen speed of sound 
mass fraction 

internal energy per unit mass 
degeneracy of electronic level i 
heat of formation 
Boltzmarm constant 

forward, backward reaction rate coefficient 
mass per particle 
number density 
pressure 

temperature exponent for Park's TTV model 
radiative flux 

cartesian components of velocity 
cartesian coordinates 
molar density of species x 
shock standoff distance 
flux limiter 

characteristic temperature of vibration 
diagonal matrix of eigenvalues 
chemical rate relaxation factor 



NOMENCLATURE (CONTINUED) 


n 



v« 

e.n.c 


p 

a 

X 

6 

Subscripts 

T 

V 
e' 
el 
rot 
s 
tr 

V 

Superscripts 

MW 

P 

n,n+l 


chemical source vector 

Roe's higher order characteristic based flux 

excitation energy of electronic level i 

rejJiKssi.molccular weight 

stiochiometric coefficients of reactants, products 

effective collision frequency 

curvilinear coordinates 

density 

effective cross section for vibrational relaxation 
effective energy exchange cross section 
average vibrational relaxation time 
mass production rate 

translational-rotational 

vibrational-electron-electronic 

free electron 

electronic 

rotational 

species s 

translational 

vibrational 

Millikan and White 
Park 

iterative time level 



1 


INTRODUCTION 

In the fixture it will be increasingly necessaiy to accxuately model high speed low 
doisity flows since this flight regime is encountered in situations such as aeroassisted 
oibital transfer and aerobraking for planetaiy/Iunar return. During such maneuvers, 
signifi cant energy savings can be achieved via a combination of aerobraking and 
retrobraking.‘ Originally, in the mid-1980's, interest in this flight regime focused on 
Orbital Transfer Vehicle (OTV) maneuvers for achieving the large drop in energy 
associated with changing from high Earth orbit (HEO) to low Earth orbit ^EO). More 
recently, however, NASA has been concerned with the high speed aerobraking associated 
with Martian and lunar return. 

One method of aeroassisted orbital transfer involves a series of high altitude 
passes to change from a hyperbolic re-entry or elliptical orbital trajectory to the desired 
orbit This method is energy efficient and results in low thermal and stmctural loads to 
the vehicle; but the large amoimt of time required for such multipass aerobraking 
precludes it from being used for marmed missions, where a premium is placed on 
minimizing mission time. A more time efficient alternative is aerocapture where the 
vehicle makes a single pass deep into die planet's atmosphere. Vehicles in this flight 
regime have large velocities at low density altitudes, causing chemical, thermal and 
radiative nonequilibrium phenomena to become important. These nonequilibrium 

processes must be properly modeled in order to accurately predict tiie heat' transfer and 

■ ■ ■' ]■ , "i ‘.-I ■ ' •' ioi; “1 

aerodynamic forces acting on the entry vehicle. 


Journal model is AL4A Journal. 
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Numerical solutions to hypersonic reacting flows can encounter numerical 
stiffiiess difficulties due to the di^arity in the chemical time scale vs. the convective 
tinv». scale. To overcome this stiffness problem, many researchers employ implicit 
solution schemes which allow large computational time steps. These schemes can be 
computationally intensive per iteration since the procedure requires computation of both 
flux and chemical source Jacobians. To reduce the per iteration workload, Imlay and 
Ebeihardt^ introduced a diagonal implicit algorithm which approximates the chemical 
source Jacobian by a diagonal matrix and is significandy less conq>utationally intensive. 

The main goal of this diesis is to examine the applicability of the diagonal 
imp lirit algoiidim for nonequilibrium flowfields wh«e radiative heat transfer is 
inqjortant In addition, there are a number of secondary goals. In a two temperature 
model, some investigators*'^ argue that the energy loss or gain due to radiative 
phenomena should be included not only in the global energy conservation equation, but 
also in the vibrational-electron-electronic (VEE) energy equation. In addition, when a 
chemical reaction occurs, diere is generally a small net change in electronic energy 
between the products and reactants. The effect of including diese two phenomena in the 
VEE energy equation will also be evaluated. Finally, die effect of atomic impact 
ionization on the electron avalanche phenomenon will be examined, since it is included 
by some investigators and ignored by others. 

In this investigation, the flowfield solver is INEQ3D, an inviscid, upwinding 
scheme developed by Tam.* This hypersonic CFD code includes both thermal 
nonequilibrium effects and finite rate chemistry. For the radiative heat transfer a 
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nonequilibrium radiative transport model developed at Texas A&M University 
by Gaily and Carlson®’’ is utilized; and, as part of this investigation, this radiative model 
has been coupled with INEQ3D. 

Test Configurations 

Two flowfield conditions and configurations are investigated in this study, both 
of which are two dimensional. The first configuration is a 10 centimeter radius cylinder 
at a firee stream velocity of 1136 km/sec (Mach 40.5) and an altitude of 76.42 
kilometers. The second configuration is a two dimensional blunt body approximating the 
Fire 2 radiation experiment? vehicle, and flie flowfield conditions correspond to 
conditions at 1632 seconds in tiie Fire 2 flight. At that time, tiie velocity was 11.37 
km/sec at an altitude of 81.86 kilometers, corresponding to a free stream Mach number 
of 39.0. However, the two dimensional body is modified to one fliird scale to account 
for the larger shock stand-off distance associated with two dimensional versus three 
dimensional flow. Since the conditions for the cylinder occur at a lower altitude and 
hence a higgler density, the first case will be used for tiie coupled radiation calculations. 
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BACKGROIJND 

There are three main types of hyposonic low density continuum flows; 
equilibrium, frozen, and nonequilibrium flow, u4iose regimes are determined by die 
relative magnitude of die flowfield time scale versus the chemical and/or thermal time 
scale. The flowfield time scale is related to the time it takes a particle to traverse the 
region of interest; and for the blunt bodies considered here, die flowfield time scale, or 
particle residency time, is approximately die time required for a particle to travel from 
die shock to the vicinity of the body surfoce. On the odier hand, the diermal time scale 
is related to die amount of time it takes for the internal modes of energy to equilibrate 
with each other, while the chemical time scale is different for each chemical reaction and 
is related to die rate at which the chemical reactions, bodi forward and backward, take 
place. 

In equilibrium flow, a particle undergoes a large number of collisions as it 
traverses the flowfield, which allows the chemistry and ten^eratures to adjust almost 
instantaneously to large perturbations. In diis situation, the chemistry is simply a 

• T, 

fimction of two state variables and all energy modes can be characterized by a single 
tenqierature. These energy modes include the random kinetic energy of heavy particles 
Oieavy particle translational energy), the random kinetic energy of free electrons (free 
electron energy), the energy of bound electrons (electronic energy) and die energy 
associated widi the rotation and vibration of polyatomic species (rotational and 
vibrational energy). 

Chemically frozen flow occurs when a particle encounters very few collisions as 
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it passes through the flowfield, and as a result the chemical conq>osition remains 
relatively constant during large flowfield perturbations such as shock waves. In a 
fliermally frozen flow, the vibrational and electron-electronic temperatures are often held 
constant, while the translational-rotational temperature is permitted to vary. In this case, 
since tiie translational and rotational modes take only a few collisions to become excited, 
fliey are usually considered to be in equilibriiun with each other and described by a 
single temperature, T. Note tiiat when the temperature associated with an energy mode 
is assumed constant, the net energy exchange with tiiat mode is considered to be zero. 

When the chemical and/or thermal relaxation times are approximately the same 
order of magnitude as the particle residency time, tiie flow is said to be in 
nonequilibrium. In such a flow, it is important to account for the details of the 
collisional processes in order to correctly model the energy exchange between internal 
energy modes. 

Furthermore, at high temperatures, the internal energy modes of the particles can 
become excited, which creates new degrees of freedom tiiat can accept energy. At low 
temperatures, a gas has only two modes of energy, translatioiial and rotational. Both 
monatomic and polyatomic particles have translational energy associated with the random 
kinetic energy of the gas (i.e. the classical concept of ten^erature). Since tiie particles 
are free to translate in three different directions, there are three degrees of freedom 
associated with this mode. Polyatomic particles can also store significant wnounts of 
energy in the rotation of the molecule, and when fiilly excited, which typically occurs 
at temperatures over 300 K, the rotational excitation for diatomic particles such as Nj, 
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NO, etc. adds only two degrees of freedom since rotation about the intemuclear axis 
has a veiy small moment of inertia. At still higher ten^ratures, die diatomic species 
vibrate in a manner analogous to two masses connected by a spring which adds two 
additional degrees of freedom. At even higher tenqierature, die elections bound to 
particle nuclei are excited to levels above the electronic ground state, which adds two 
more degrees of freedom. 

When all of the energy modes of the particles are in equilibrium with each other, 
dieir intonal energies can be characterized by a single teiiqieiature. However, particles 
moving through a large flowfield disturbance such as a shock wave must obey total 
energy conservation, and thus, across a shock wave, die large drop in directed kinetic 
energy of die free stream particles must be distributed into the internal energy modes. 
Since the translational energy mode of a gas requires only one or two collisioiis, or mean 
free paths, to become excited, most of the free stream kinetic energy is absorbed into this 
mode during the passage throughout the shock wave, Furdier, since it takes on die order 
of only ten collisions to excite molecules rotationally, die rotational energy mode is 
almost always considered to be in equilibrium with the translational mode. 

On die odier hand, die vibrational and electronic modes take significandy longer 
to become excited due to the geometry of vibrational collisions and the ineflicient energy 
exchange between bound elections and heavy particles. Aldiough collisions between 
bound and free electrons are more efficient that those be^een bound election and heavy 
particles, significant numbers of free electrons occur only at very high temperatures and 
usually only after a phenomena called avalanche ionization, which will be discussed in 
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detail in a later section. This disparity between the excitation rates of the internal modes 
of raet:^ means that vibrational and electron-electronic raeigy cannot be characterized 
by the same temperature as translational eneigy. 

Thomal nonequilibrium occurs when the tenqteiatures characterizing the various 
energy modes are different Thus, the vibrational eneigy mode is commonly described 
by a separate temperature, T„, and the electronic eneigy by the electronic temperature, 
Tj. When free electrons are present in the gas, the efiiciait energy exchange between 
the free and bound electrons allows the random kinetic eneigy of die free electrons to 
be in thermal equilibrium with the bound electrons. Thus die free electron energy can 
also be characterized by the electronic temperature, T^. Note that die temperatures 
associated with the various modes of energy are defined such diat diey are equal to one 
another at thermal equilibrium, which occurs when there is no net energy transfer from 
one mode to another. 

In addition to simple vibrational or electronic excitation, these modes can receive 
enough energy during a collision to break the molecular bond between the vibrating 
particles and cause dissociation or to cause a bound electron to break away from its 
nucleus (ionization). These and other types of chemical reactions complicate the 
detmnination of die thermodynamic state of die gas. histead of simply having the 
diatomic nitrogen and oxygen found in free stream air, the chemical composition of the 
gas changes as it moves through the flowfield. Further, the flowfreld dynamics affect 
the amount of eneigy exchanged in the relaxation and chemical processes, which in turn 
affects the flowfield. Thus, there can be strong chemical- and thermal-gasdynamic 
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coupling in nonequilibrium flows. 

In regions of local fhermodynamic equilibrium (LT^, Ae allocation of electronic 
excitation is described by a Boltzmann distribution. However, for atomic species tiiere 
is a large energy gap between tire lower two or three electronic energy levels (called 
ground states) and tire upper energy levels (excited states). In low density flows, tiiere 
are more low energy collisional partners available to excite the elections within the 
groimd or excited states or to ionize atoms with electrons in excited states tiian there are 
high energy collisional partners available to cause tire elections to transition from the 
groimd to the excited states or to ionize directly from tire ground states. Thus, in such 
flows ionization from the excited states occurs rapidly,^ and the populations of the 
ground and excited states may not necessarily follow a Boltzmann distribution. This 
phenomenon is known as Local Thermodynamic Nonequilibrium (LTNE), and it is 
included in the TAMU radiation model for both atoms and molecules. 
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FLOWFBELD THEORY 

The flowfield solver used in the present studies is the inviscid, nonequilibrium 
diree dimensional code INEQ3D developed by Tam,^ and the following discussion 
closely follows his flowfield theory development This code uses a cell centered finite 
volume discretization of the governing partial differential equations with a high order 
total variant diminishing (TVD) scheme based on Van Leer's flux-vector splitting (FVS) 
and Roe's characteristic based flux-difference splitting (FDS). The code is currently 
capable of handling up to an eleven species air model with an arbitrary number of 
chemical reactions. The matrix solver utilizes a Lower-Upper Symmetric Gauss-Seidel 
(LU-SGS) implicit scheme based on the work of Jameson and Turkel.® 


Governing Equations 

The Euler equations given in generalized curvilinear coordinates (5, ti, C) for 
chemically reacting flows are: 


dx 35 3ii 3C 


( 1 ) 


The vector Q is composed of the conservative variables, F, G, and H are the inviscid 
flux vectors, and is the source vector which includes chemical production terms, 
energy coupling between internal modes, and energy gained or lost due to inelastic 
chemical reactions. > 

The above vectors are defined as follows: 
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The contravariant velocities are given by 
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where £, q, and C refer to the curvilinear coordinate directions, 
transformation, J, is defined by: 


( 3 ) 

The Jacobian of the 


3(x,y, z) 


( 4 ) 


Elemental species conservation allows for the removal of q equations from the 
species conservation equations, where q is the number of elementary particles. For the 
eleven species air model, q = 2 since air is fundamentally composed of nitrogen and 
oxygen atoms. Further, assuming there are no external magnetic fields present, another 
equation may be eliminated by imposing local charge neutrality. Therefore, instead of 
solving for ns species conservation equations where ns is the total number of species, 
only ns - (q + 1) equations have to be solved. 

For a two temperature model, the governing equations are supplemented by two 
energy relations, discussed later, as well as the equation of state given by 


= p^-^r + 


Pb- 


• M,- 


( 5 ) 


where hp denotes heavy particles only and e* the free electrons. 

The variables in the above equations can be non-dimensionalized as follows: 
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P- P- P« K. 


where the overbar denotes dimensional quantities. 

Solution Scheme 

t 

The present solution scheme utilizes upwind-differencing and flux splitting to 
determine the inviscid fluxes at the cell interfaces. The first order fluxes at the interfaces 
are of the form 

F^^i=F*{Q) +F-(Q) ( 7 ) 

a 

where die interface flux is split using Van Leer flux-vector splitting’'’ (FVS), which 

j ■ . 

yields continuously differentiable fluxes at sonic and stagnation points. Here Q‘ and Q* 
are determined via upwind extrapolation. 

The higher order terms of die interface fluxes are dien computed by using Roe's 
characteristic based flux-difference splitting" (FDS). This higher order term is then 
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added to die first order FVS term to get the total flux at die inter&ce 



(8a) 


where, 

*L. = (8b) 

Here, R and R ‘ are the matrices composed of the right and left eigenvectors of A 
respectively, and A is the matrix whose diagonal terms are die eigenvalues. While the 
present method includes options for a number of flux limiters and TVD schemes, results 
presented in this report use Chakravarthy and Osher’s‘* formulation for the flux limiter 
and a fully one-sided, second-order upimding TVD scheme. 

The governing equations are then formulated into an implicit solution scheme, 
which in delta notation is given by 

[X-^ + (D^A + D^B + (9) 

where D{, D„, and are the difference operators approximating the derivatives d^, 
dq, and d^. The term is die residual given by equation (1) widiout the time 
derivative, and A, B, and C are die inviscid flux Jacobians 




c 


BE 

vBQ 


( 10 ) 

• ■ 'i j 
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which are linearized by the method of Jameson’*'* and result in diagonal matrices for the 
inviscid flux Jacobians. The matrix solver utilizes a block LU decomposition coupled 
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witfi forward and backward sweq)s. 

Following die work Itnlay,* die chemical source Jacobian, £1, is approximated by 
a diag on al matrix. The implications of this approximation will be examined in a later 
section. 

In order to include radiative coupling, the following radiative source term must 
be added to the right hand side of equation (1): 


0 

0 




0 

__ tot 

dn 

dn 


( 11 ) 


where q,. is the radiative flux and n is normal to die body (q direction). Further, to 
couple the radiation in a fully implicit manner, the radiative flux at time level n+1 in the 
implicit procedure should be formulated as 

( 12 ) 

This approach would add a -(3Q,^3Q)AQ term to, the left hand side of equation (9). 
However, since the radiative terms arc only updated approximately every 500 iterations, 
it is approximately correct to neglect the radiative Jacobian, 3Q„d“/3Q. This 
approxiniation si^lifles die implicit procedure w^le retaining die effect of radiation 
coupling in the final converged solution via the inclusion of on the right hand side 
of the solution scheme presented in equation (9). The radiation calculations are therefore 



15 


only loosely coupled with the flowfield solver during the iterative solution process. 

Two Temperature Model 

In general, nonequilibrium flows can be modeled with three distinct temperatures. 
One temperature characterizes the translational and rotational energy of die heavy 
particles (T), another temperature describes the vibrational energy of the molecules (TJ, 
and the third temperature represents both die electronic energy of the bound electrons and 
the translational energy of the free electrons (TJ. Park‘d notes that there is strong 
coupling between the Nj vibrational energy mode and die free electron translational 
energy; and it is known that for atoms there is rapid equilibration between the low 
electronic states (ground states) and the free electrons. This strong coupling and possible 
equilibration between the vibrational, electron, and electronic energy modes suggests diat 
for many cases their energies can be approximately represented by a single temperature. 
Tv. 

Gnoffo’* points out that although it may be important to characterize each 
vibrational species with its own temperature, such modeling is limited by the lack of 
knowledge concerning vibration-vibration coupling between different vibrating species. 
Furdier, McGough'* has examined the use of multiple vibrational temperatures widi die 
ass um p tion of no vibration-vibration coupling between diatomic species and found diat 
results with a single vibrational temperature match experiment daUt fetter thart those 
obtained with multiple vibrational tenqieratures without vibration-vibration coupling. 

Thus, in the current work, a single vibrational temperature is used to characterize 
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Ac vibrational energy of all diatomic species. This model is used due to its relative 
simp licity as well as Ac limited information available on vAration-vibration coupling. 
FurAer, following Ae logic of Park above, Ac vArational energy is assumed to be m 
equilibrium wiA boA Ae electronic energy and Ae translational energy of Ae free 
electrons; and Aus Aese modes are characterized by a smgle vArational-elcctron- 
clcctronic temperature, Ty. Note Aat Ae capital V subscript refers to vibrational, free 
electron, and electronic energy modes whereas Ac lower case u denotes Ae vibrational 
mode only. Fmally, Ac translational and rotational modes of all species are 
characterized by a single temperature, T. 

Thermodynamic Model 

In a Aermally perfect gas, Ae internal energy and specific heats are foimd for 
each species by summing over Ae contributions from all Ae energy nnodes, but for cases 
wiA Aermal nonequilibrium, Ac internal energies are functions of two or more 
temperatures. Thus, Ae total internal ener^ for Ae two temperature model is defined 
as ~ 

e = ec, + e,ot. + ey+Ae® + -|a*a. (13) 

The term Ae* is Ae heat of formation accounting for Ae «i)Mgy stored and released in 
chemical reactions. The timislational and rotational contributions are determined by 
assuming Aese modes are folly excited wiA each degree of freedom contributing l4kT. 
The quantity Cy is Ae vArational-electrdn-electronic energy given by 
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C-fjP 


(14) 


where e„, and are the free electron, vibrational, and electronic energies 
respectively, which can be found from statistical mechanics via 


e» = 


_ d(ln{?J 


dT 


(15a) 


and 


®eJ “ 


a(ln{?^j) 


dT 


+ - 


(15b) 


The vibrational and electronic partition functions Q, and are given by 


0. = 


exp 


.Ov 


(16a) 


and 


0^1 = ffo * . (16b) 

In equation (ISb), C4 and Cj are curve fit constants that account for electronic energy 
levels higher than the third electronic state. See the Appendix for tabulated values. 

The thermodynamic quantity, Gibb's free energy, can be used to calculate 
effective tenq>eratures for reaction rates and is needed for computing the equilibrium 
constant, K^, associated with each chemical reaction. In the present model its 
determination utilizes the curve fits of Gupta” to get the total free energy. Then the 
vibrational and rotational contributions are calculated via partition functions and 
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subtracted from the total value. These results arc then used to determine curve fits of 
the translational, rotational, and heat of formation contributions to the total free energy 
as a function of tenrpeiature. This procedure has been performed for each heavy partrcle 
species as well for the free electrons, and tire curve fits arc of die fbrmi 

M = q.d-mn * -I - q ( 17 ) 

Itr+rot+A/i® 

The constants C„ Cj, and Cj are given in the Appendix for each species. 
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CHEMICAL KINEIICS 

The none<iuilibriuni chemical and thermal efiects enter into the governing 
equations dirough die energy exchange and loss terms in die energy equations and 
dirough the species production rates in die species continuity equations. With the 
radiative coupling terms, the global energy conservation equation in Cartesian coordinates 
is given by: 

Global Energy Conservation 

9pe ^ 9(pe+p) u ^ 8 ( p e + p) v ^ 9(pe+p) w _ _ tot 
at dx By dz dn 


The first term on the left hand side is the rate of diange of total energy per unit volume. 
The n«ct three terms are the convective raergy fluxes, and die term on the right hand 
side is die rate of energy loss or gain due to all radiative processes. 

Widi a two temperature model, it is necessary to insure die conservation of the 
energies characterized by the vibrational-electron-electronic temperature, Ty Thus the 
vibrational-electron-electronic (VEE) energy equation is given as: 
Vibrational-Electron-Electronic Energy Conservation 

Bpoy dpe^\ dpoyv \ ^ ^ ^ 

Bt Bx By Bz 
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The first term on the left hand side of equation (19) is the rate of change of the 
vibrational-electron-electronic energy per imit volume, and the remaining terms on the 
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left hand side account for the convective flux of vibrational-election-electronic energy. 
Terms one and two on the right hand side account for translational-vibrational energy 
exchange and translational-iree election energy exchange, respectively, due to elastic 
collisions. These terms will be discussed in detail in the subsection entitled Relaxation 
Processes. The third term on the right hand side accounts for die loss of flee election 
energy due to electron impact ionization, while term four accounts for the change in 
average vibrational energy due to dissociation or recombination. The fifth term models 
the change in average electronic energy due to chemical reactions, and the final term is 
the rate of VEE energy loss due to radiative processes involving electron transitions and 
vibrational energy changes. The current radiation coupling model assumes that diis 
radiative term is approximately equal to the total radiative term found in the global 
energy equation. Terms three through six are discussed in a later subsection labeled 
Chemical and Radiative Coupling. 

For the present studies, an air model conqtosed of eleven species, Nj, O 2 , NO, 
NO*, Nj*, O 2 *, N*, O*, N, O, and e', along with die 26 chemical reactions listed in 
Table I is used. Most of this model is based on the work of Park,**'**'** but modifications 
include changing the election impact atomic ionization rates to newly derived values of 
Carlson and Gaily*’’’** and using the heavy particle atom ionization rates of Carlson.** 



Table I. Reaction System for 11 Species Air 




Reaction 
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N, 

+M1 

=N 

4N 

4M 

3.00 

xKP 

-1.6 

113200 

2 

N, 

+M2 

=N 

4N 

4M 

7.00 

xlO" 

-1.6 

113200 

3 

o. 

+M1 

=o 

40 

4M 

1.00 

xKP 

-1.5 
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o, 

+M2 

=o 
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+M 

2,00 

xlO" 
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59500 
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NO 

+M3 

=N 

40 

4M 

1.10 

xlO” 

0.0 
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NO 

+M4 

=N 

40 

4M 

5.00 

xlO“ 
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O 

+c’ 

=o* 

4c' 

4c* 

6.35 

XlO" 
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N 

+e' 

=N* 

4C* 

4c’ 

5.08 

XlO" 
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NO 

+0 

=N 

■K), 


8.40 

xlO" 

0.0 
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N, 

+0 

=N0 

4N 
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XlO” 
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4N 

=ur 

4c* 


2.00 

xlO" 

0.0 
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0.36 
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20 
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26 

N 
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Isisssif 

» in the form k, = AT®exp(-E/T). 
\ in electron impact reactions. 

= N^ AO* 

« N^N,*,O^Or J^OJ40* 

= NJI*AO*J40 
= N„NrA*Or.NO* 

= NJ4* 
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Chemical Rate Model 

The forward reaction rate coefficients are based on die Anfaenius equation and dig 
form 

-k, = Ar®exp(-£/T) (20) 

where A, B and E are the constants found in Table I and T is an appropriate temperature. 
It is generally agreed that for dissociation reactions, the forward reaction rates should 
take into account the amount of vibrational energy in the molecular collision partners. 
In addition, the electron impact ionization and electron impact dissociation reactions 
should be modified to account for the energy available in the translational mode of the 
free electrons. Tam and Li's chemical rate model,^ as originally formulated in INEQ3D, 
accounts for all energies present in the reacting partners by replacing the temperature in 
equation (20) with an effective temperature, T^ , for each reaction. This effective 
temperature is found by calculating the Gibb's free energy of each of the internal energy 
modes and is of the form; 




■ eCt air 1 Tj 

where the statistical factors, f„ are found by 


(21a) 


f = 

E TjAg; 

ail i 

E = 1 

•11 i 


(21b) 


The subscript i denotes each internal energy mode and for a given reaction, AG;^* is the 
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change in Gibb's free energy products minus reactants) for energy mode i, given by: 


ns 


DB 




( 22 ) 






The variables v,* and v/ are the stoichiometric coefficients of the products and the 
reactants respectively and ns is the total number of chemical species. The quantity 
is the Gibb's free energy of species s evaluated at one atmosphere for energy mode i. 
Determination of the Gibb's free energies is explained in the subsection entitled 
Thermodynamic Model. 

For a given reaction, tire reverse reaction rate coefficient can be found by 
calculating tire equilibrium constant, K^, in terms of the Gibb's free energies and then 
using the relation 


iCf(r) 


KcCt) . 


(23) 


This equation is true for equilibrium and follows from the law of mass action.” 
Although it does not necessarily hold precisely for nonequilibrium conditions, equation 
(23) is approximately correct in this region.” In the original model, the reverse reaction 
rate coefficient was found by substituting the effective tenqrerature T^ into equation 
(23), with Ae equilibrium constant given by: 


Here, is the equilibrium constant based on partial pressures and An iS tiie difference 
in stoichiometric coefficients between the products and reactants. 
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Unfortunately, for free stream Mach numb jts greater flian 30, Tam's effective 
ten:q)erature does not exhibit physically correct tencQ)erature dependence for certain 
reactions, particularly die electron impact reactions which should depend heavily on tiie 
electron-electronic tenqierature. Since the electron iiiqiact reactions and avalanche 
ionization are very important for the conditions studied herein, Tam's effective 
ten^ierature model was replaced with Park's TTV model.’*^’” In this model, an 
effective temperature for dissociation reactions is calculated based upon a geometric 
average of tiie translational and vibrational temperatures using 

y _ (25) 

where q typically ranges from 0.2 to 0.5. An exception is the electron impact 
dissociation of N 2 (N 2 + e* -♦ N 2 ^ + e* + e'), where T, is replaced wifli T^ (or Ty in the 
case of a two temperature model) to account for the free electron translational energy.** 
Based on similar logic, the electron impact ionization reactions utilize the free electron 
temperature T^ in tiie calculation of the forward rates. In all cases the equilibrium 
constant is evaluated using the temperature used in the forward rate. An alternative 
approach for determining tiie backward rate would be to calculate a loc^ equilibrium 
constant based on the local characteristic temperatures of each mtemal energy mode.*'^* 

Chemical Production Rates 

The forward and reverse reaction rates are summed over all reactions to determme 
the net change in each species in a given cell volume. This mass production rate of 
species s per unit volume is given by 
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r-1 


(26) 


where v'^ and are the stoichiometric coefficients of the reactants and the products 
respectively, and nr refers to the total number of reactions. The forward and reverse 
reaction rates for a given reaction r are given by 


and 



(27a) 



(27b) 


where , and , are die forward and reverse reaction rate coefficients respectively. 


Chemical Production Rate Relaxation 

Recall that chemical nonequilibrium exists when chemical processes occur on 
approximately the same time scale as the particle residence time. In an equilibrium 
region of the flow, the forward and reverse chemical reaction rates often are very fast, 
and thus, tire local time step required to characterize the fast chemical reactions can 
become very small. The presence of two or more disparate time scales in a numerical 
scheme is referred to as numerical stiffness, and some authors’*^ suggest tiiat implicit 

p i ■ - - - I • ' * ' ' '• j , >• 

schemes are generally less susceptible to numerical stiffiress problems than explicit 
schemes. Alfliough D^Q3D utilizes an implicit solution scheme, tire wurce Jacobian, 
3Q/3Q, is diagonalized; and it is possible that this diagonalization significantly changes 
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die eigenvalues associated with the chemistry, leading to numerical instability. Such 
instability, if it occurred, would probably initially occur in die chemical species 
concentrations in die stagnation point region of the fiowfield. 

In order to mitigate the potentially serious numerical stiffiiess problems, a method 
is needed to slow down the chemical rates while still converging to the correct steady 
state solution. Thus, a chemical production rate time relaxation is proposed of the form: 

= to" + 

where is the new time relaxed production rate for species s, is the actual 
species production rate found via the forward and reverse reaction rates, and < 0 ,° is the 
value of the production rate at time level n found from equation (28). The relaxation 
factor X typically takes on values between 0.1 and 0.5, with the smaller value indicating 
more chemical relaxation. This time relaxation slows down the production of a species 
when the change in production rates between iterations is large, which should enhance 
stability; but it gives the correct rate when the solution nears convergence (i.e. = 

0 when = 0). 

Relaxation Processes 

Thomal relaxation occurs when two or more energy modes are out of equilibrium 
with each other and there is a net transfer of energy, via collisions, from “One mode to 
another. The first two terms on the right hand side of the vibrational-electron-electronic 
energy equation, equation (19), account for the elastic energy transfer between energy 


modes. 



27 


The energy exchange between translational and vibrational modes can be modeled 
as 


<T-V 


E p.- 

s-jooi 




V,s^ 




(29) 


where the term <t,> is the vibrational relaxation time for species s. Millikan and White” 
suggested a vibrational relaxation time for species s given by: 


V {r2jexp(A^(T-i^3-0/015pi'-*) -18.42] ) 


(30) 


j-Ap 


where iij is the number density of species j and A, is an empirical constant for the 
vibrating species s with values for Nj, Oj, and NO of 220, 129, and 168 respectively. “ 
The term p,g- is the reduced molecular weight of tiie colliding species. In the current 
version of INEQ3D, is approximated by a collision partner independent form: 


= 5 . 95-12 



(31) 


where A is assumed to be the value given for Nj above (220). 

Park” determined that above 8000 K, tire relaxation times of Millikan and White 
yield collision cross sections that are too large by an order of magnitude. Thus he 
determined tiiat <x,> may be better modeled as 


<x.> = + X 


(32) 


where 
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1 



(33) 


and <T, is an effective cross section for vibrational relaxation. In addition to the 
modification to and approximation of equation (31), a correction factor is included 
to account for the diffiision-like nature of vibrational relaxation giving 


Qt-v ~ 


Tst-Ty\ 
"^Bh ~ ^sh, V 


s-i 


<T> 


Ps(®V.s(^ ”®V,»(^V^ ^ 


(34) 


e^mol 


where S = 3.5exp(-5000/T^ and is the translational temperature inunediately after 
the normal shock. 

The second term on the right hand side of equation (19) accounts for the change 
in free electron translational energy due to elastic collisions with heavy particles and was 
originally approximated by: 


Or-e- = 


10 

>E 

0*4 


^ eg 

Af. 


(35) 


Here, the summation from 4 to 10 includes all atoms and ions, but it omits the neutral 

'IT 

molecules. The variable v„ is die effective collision frequency of an electron with 
species s found from: 



(36) 


where T^ is the electron-electronic temperature equal to Ty for the two temperature 
model, ntj. is the electron mass, and o„ is the effective energy exchange cross section. 
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Howeve.', for the conditions studied in this research, it is important to include all 
heavy particles in the evaluation of the translational-fiee electron elastic energy 
exchange. Thus, die free electron translational coupling model has been modified to that 
of GnofFo'* based on the work of Appleton and Bray.*' This model utilizes equation (35) 
summed over all heavy particles and uses different effective collision cross sections than 
diose utilized originally. For collisions between electrons and neutral particles, v„ is 
given by equation (36), but the effective energy exchange cross section a„ is defined by 
curve fits for each neutral species given by: 




(37) 


The constants’* used in equation (37) can be foimd in the Appendix. 

Further, the effective collision frequency between electrons and charged heavy 
particles must take into account the Coulomb forces between die oppositely charged 
particles. This effect can be modeled as 



where k is Boltzmann's constant and e is the electronic charge equal to 1.5188E-4 esu 

<< . , , , r : 

in the mks system of units (1 esu* equals 1 kg mVs*). 


Chemical and Radiative Coupling 

Ciiemical reaction effects also appear as energy sources and sinks in the 
vibrational-electron-electronic (VEE) energy equation (equation (19)). Recall the third 
term on the right hand side of the VEE energy equation: 
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B-6 

which represents the free electron energy lost due to electron impact ionization. The 
variable is the molar rate of ionization of species s via electron impact, and the 
energy per unit mole lost by a free electron in producing species s through electron 
impact ionization is given as I,. Here it is assumed that the particle ionizes from (he 
electronic ground state; and, dms, I, is taken as the first ionization energy of the species. 
Although ionization usually occurs from the excited states, this assumption is still valid 
since electron transitions from the ground states to the excited states occur mainly from 
high speed collisions with free electrons. Thus, the total free electron energy lost in 
electron impact ionization is approximately the same. 

The fourth term is the vibrational energy lost or gained due to dissociation or 
recombination of tiie molecular species of (he form; 

E Ms (40) 

s^aol 

The quantity D, is toe average vibrational energy which is created or destroyed due to 
such reactions. Currently INEQ3D assumes that is toe average vibrational energy, e„, 
of species s. It should be noted toat larger values of 6, will cause dissociation to 
preferentially occur, given a sufficiently energetic collision, from toe upper vibrational 
levels which have higher vibrational energies; but tois approach u not to be confused 
with toe preferential Coupled Vibration-Dissociation-Vibration (CVD\p model proposed 
by Treanor and Morrone*^^ which keeps a detailed account of toe apiount of energy 
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gained and lost in each reaction involving diatomic species. 

The fifth tram on the right hand side of the vibrational-election-electronic energy 
equation is die change in average electronic energy due to chemical reactions. This term 
has die form 


10 




( 41 ) 


where e^ is the average electronic energy of species s. Few researchers have accounted 
for this change in electronic energy; and, thus, its effect on die flowfield will be 
auunined as part of diis research. 

The last term in the global energy equation, -dqjda, accounts for the loss or gain 
of energy due to radiative transitions. This total radiative flux term can be separated into 
the contributions from the various radiative phenomena. These processes, in decreasing 
order of importance, are radiation used to break chemical bonds (photo-ionization and 
photo-dissociation), electronic state transitions, excess ionization energy imparted to freed 
electrons, free-free electron transitions, changes in vibrational states, and changes in 
rotational states.^ The correct ft>rm of the radiative heat flux in the vibrational-electron- 
electronic energy equation would require detailed information on die amount of radiation 
exdianged in each of the above processes. However, since all of die above processes 
, are accounted for in the VEE energy equation except roUtion, and since rotation is .the 
smallest of those contributions, it is , ^prpxirriately correct to iiiclude the total radiation 
term, in the VEE energy equation. The efiwt of including the total radiation term, 
dq^da, in the vibrational-elect^n-electronic energy equation will also be exarmned. 
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RADIATION THEORY 

The TAMU nonequflibrium radiation model developed by Gaily and Carlson*’’ 
is based on tiie equilibrium radiation code RADICAL developed by Nicolet”’^* There 
arc four types of radiative processes included in the current TAMU model. Atomic 
continuum radiation (boimd-fiee) occurs when an atom gains or loses an electron in a 
photo-deionization or ionization process. Atomic line radiation (a bound-bound process) 
occurs when an electron transitions from one orbit to another widiin an atom's electronic 
shell, and these transitions result in distinct lines of radiation. Another bound-boimd 
process is molecular band radiation. This type of radiation occurs when elections 
trmsition from one electronic orbit to anodier widiin a noolecule's electronic shell and 
appears as closely grouped lines or bands since there are a number of electronic levels 
available, each with its own distinct vibrational states. The final type of radiation is 
Braumstrahlung free-free radiation, which occurs whoi free elections pass by the 
electronic shell of a particle, causing a change in the translational energy of the free 
electron, thereby emitting or absorbing radiation. 

Radiation Correction Factors 

Atomic ionization is a two step process involving excitation from die ground to 
the excited states, which is a slow process, and dien ionization from die excited states, 
which is a fast process. In the region immediately behiiid die shock front, the high rate 
of ionization causes the excited states to become depopulated. Thus, die total electronic 
energy of the atoms can no longer be described by a Boltemann distribution and it 
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becomes important to include Local Thermodynamic Nonequilibrium (LTNE) when 
yi^l milating (he radiative fluxes. This feature is included in the present study via a first 
order noodel which calculates atomic radiative correction factors to determine die 
nonequilibrium populations of die excited states. For atoms, die atomic correction 
factors are found by assuming that the atoms with excited electronic states are in 
equilibrium with the ions and free electrons. Thus, for nitrogen, the ionization reaction 

N* + e' ^ N* + e~ + e~ ^^2) 

is assumed to be in equilibrium, where N* refers to the excited electronic states of 
nitrogen and N* is the ion. This first order atomic LTNE model includes emission, 
absorption, and induced emission for both the continuum and line processes. For further 
details, see references 6, 7, and 21. 

The first order model for molecular radiation is based on the quasi-steady state 
method (QSSM) of Park,“ which determines the populations of die molecular electronic 
mccited states. These populations are then used to calculate similar correction factors for 
nonequilibrium molecular radiation. 

Tangent Slab Approximation 

Theoretically, the computation of the radiative flux terms involve, at every point, 
an integration over the entire flowfield as well as over all frequencies, but realistically, 
such a computation is impractical. Thus, to sinq)lify the radiation calculations, a tangent 
slab approximation is used, hi cases where the shock standoff distance is much smaller 
than the body's radius of curvature, the body and the shock wave approximate two 
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parallel or tangent infinite planes. Fortunately, this situation is true for flie high speed, 
blunt body flows under consideration. Thus, in the tangent slab model it is assumed 
locally diat die radiating flow is invariant in die ( and o directions and only varies in 
die n direction; and hence die net radiative flux can be computed via integration only 
normal to the body. For further details see references 6, 7, and 21. 
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NUMERICAL IS:>U£S 

For planetary return, &e high vehicle speeds attained relatively deep into the 
atmosphere can cause large equilibrium regions in the shock layer preceded by an 
exponential increase in free electron density known as avalanche ionization. It is well 
known that in regions of equilibriiun the numerical solution for a finite rate chemistry 
nKxlel coupled with a fluid dynamic solver will exhibit numerical stiflhess. On a 
physical basis, this problem occurs when the time scales for two or more phenomena are 
orders of magnitude different 

The relative time scale for two physical processes is given by the Damkohler 
number, D^, which for die cases examined herein, relates die characteristic time for a 
fluid element to traverse the flowfield to the characteristic time for a given chemical 
reaction: 

23j, = (43) 

^cbaadacry 

Finite rate chemistry is applicable for Damkohler numbers near unity, while equilibrium 
diemistry is associated with Damkohler numbers much greater dian one. For planetary 
return, the region immediately after the shock fixmt has a Darnkohler number near unity 
while die presence of avalanche ionization in the stagnation zone leads to much larger 
Damkohler numbers. 

Avalanche ionization contributes to die numerical stiffness since die ionization 
production rate for the election impact ionization reactions is sensitive to both the 
election temperature and the number density of free elections. When the election 
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temperature and the electron number density gets sufficiently high, die electron impact 
ionization reactions are triggered, creating yet more free elections. The electron number 
density thus mcreases logaridimically" and leads to a decrease in die electron, and due 
to coupling, the electronic and vibrational tenqieratures. Thus, die phenomenon of 
avalanche ionization decreases die chemical and fhermal nonequilibrium region 
immediately after the shock fijonL The drop in temperature induces a corresponding rise 
in die density, which increases the number of collisions and therefore also forces the 
chemistry to equilibrate faster. 

In the INEQ3D model, the local time step is based on the CFL number, which 
is a function of die local eigenvalues of die flux Jacobians. These eigenvalues are 
related to the speed of propagation of pressure waves in die flow which depend on the 
frozen speed of sound given by 





(44) 


As die density increases due to avalanche ionization, the local speed of sound decreases, 
dineby allowing a larger local time step. Conv«sely, die characteristic time for the 
diemical reactions decreases in the presence of avalanche ionization and the beginning 
of equilibrium, and thus requires a smaller time step. 

A fully implicit method can mitigate the effects of numerical stiffness by allowing 
CFL numbers much greater dian one. This situation is true if the linearization of the 
chemistry and flux Jacobians is performed consistendy and if die resulting block tri- 
diagonal matrix is inverted exacdy. These two conditions are difficult to achieve for 
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reacting flow calculations because the linearization is complex and the exact inversion 
of large block tri-diagonal matrices is costiy. Since the flux Jacobian linearization of 
Jameson’ results in diagonal matrices, the need for matrix inversions can be eliminat^^ 
entirely by diagonalizing the source Jacobian. The number of operations required to 
invert an nxn matrix exactly is on the order of n» while the inversion of an nxn diagonal 
matrix requires approximately n operations. The solution scheme utilized in the current 
version of INEQ3D, which approximates the chemical source Jacobian with a diagonal 
matrix, is referred to as the diagonal implicit algorithm. 

Chemical Relaxation in Quiescent Oxygen: A Test Case 

In order to examine the diagonal implicit scheme in detail, the simplified case of 
chemical relaxation in quiescent oxygen is examined. The vibrational energy mode is 
neglected for this example; and the assumption of no mass flux into or out of the system 
is imposed for simplicity, forcing the total density to remain constant 
The following reactions will be modeled: 

reaction #1; Oj * O 2 ^ 20 + Oj 
reaction #2 ; Oj + O *• 20 + O 

The equations governing this model for coupled chemical relaxation are 


( 45 ) 
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= FiiCo^. Co) ^ 46 ) 

= Fj(c^,Co) (47) 

where F, and Fj are the chemical production rate equations for Oj and O, respectively, 
which are functions of die mass fractions as well as die forward and reverse reaction 
rates for the two given reactions. The rate equation for O 2 , in terms of the molar 
densities, is given by: 

= - (ic,,, [0,1 = - JCj,, [0,1 [01 = * Ic,,, [0,1 [01 - [01 ’ 1 

A similar expression can be found for the molar production rate of O. 

The total eneigy is constant for this system and is found by: 

etot = E + E) (49 ) 

S S 

The temperature T is found by taking the translational and rotational contributions to the 
total energy and dividing by the specific heats: 

E^X 

T «= — — - (50) 

B 

Discretizing the governing equations and linearizing according to the implicit 
Euler formulation gives the following linear systems: 
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Ac, 


At 


^ = Pi" 




dc. 


Ac^ 




dc. 


Ac„ 


(51) 


and 


Ac, 

At 


o = Fa" + 


3F, 


3c- 


A ^^2 


Ac,, 


(52) 


where 


Ac, = cr - c" . 


(53) 


Using matrix algebra, this equation can be rewritten as: 


-^JAO = “ 

At oQ 


(54) 


where 


Q = 


ACq 

Ac, 


, Q = 


(55) 


and d£l/dQ is the chemical source Jacobian. In matrix form, equation (54) becomes 


1 _ 

A t 3c« 

3c„ 


In; 


At 5Crt 


|Ac« 


(56) 


ACr 


To simplify die linearization, the rate equations F, and Fj are assumed to be 
functions of the mass fractions only, and the dependence on the forward and backward 
rate coefficients is neglected. Although this simplification puts limitations on the 



40 


efTective time step, it is representative of the level of approximation found in DSIEQ3D. 
The derivatives of Fj with respect to the mass fractions are: 



(58) 


Similar expressions can be found for the F, derivatives. 

When a large munber of chemical species and reactions are used, the chemical 
source Jacobian can become expensive to invert due to die presence of the off-diagonal 
terms in equation (56). Consequently, hnlay^ has suggested approximating this source 
Jacobian by a diagonal matrix, thereby eliminating the source matrix inversion. Note that 
in such a formulation, the chemistry is only loosely coupled with die flowficld solver. 
In a later section, the diagonal implicit algorithm approach will be compared to the full 
implicit scheme for this simple test case. 

Diagonal Implidt Scheme 

At diis point, consider a system with an arbitrary number of chemical species 
which has chemical source terms only. Then, the fully inqilicit formulation for the 
chemical source Jacobian is given by: 
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do 





dpi 

dp2 

dpn 

8o>2 

d6>2 

9«2 

3Pi 

dpi 

3Pfl 

d<^n 



9Pi 

dPi 

dPn\ 


(59) 


In order to decrease the computational effort of solving fliis matrix, Imlay suggests 
diagonalizing the source Jacobian by: 


do 



0 ••• 


dp2 


0 

0 



where 


(60) 


A = (61) 

Tj 8p_j Mj[^[dpj) \ 

With diis diagonalized source Jacobian, the solution scheme becomes diagonal implicit 
and the chemistiy is only loosely coupled widi the flowfield solver. 

By replacing the source Jacobian of die quiescent oxygen text case with the above 


diagonal inqilicit approximation, equation (56) becomes: 
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0 





[At xj 



11 


0 





[At xJ 


> 




However, since the Tj tenns arc always positive, the diagonalized source Jacobian 
subtracts from the diagonal terms making fliis scheme unconditionally unstable when x, 
or Tj is less than At Upon examination, the diagonal terms of die full source Jacobian 
were found to have both positive and negative values and, thus, the approximate Jacobian 
may not retain die proper sign on the diagonal terms. If the diagonal terms are instead 
added, effectively changing the sign on die approximate Jacobian, diagonal dominance 
is enhanced. This modification is allowed since, for steady state cases, the implicit 
operator is simply the means for obtaining a converged solution and the left hand side 
of equation (62) will approach zero as the solution converges and die change in the mass 
fractions approaches zero. In the next section, diagonal implicit results will be presented 
for this test case widi the approximate Jacobian bodi added to and subtracted from the 
diagonal terms. Note that the current version of INEQ3D utilizes the positive diagonal 
formulation where die diagonal terms of the source Jacobian increase the diagonal 
dominance of die implicit operator. 
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DISCUSSION OF RESULTS 

In this research, two different two dimensional re-entiy configurations were 
examined, corresponding to 1634 and 1632 seconds in die Fire 2 vehicle flight 
trajectory,* These two dimensional test cases utilized scaled down bodies in order to 
more closely match the shock standoff distances of the corresponding flrree dimensional 
cases, but the size of the nonequilibrium region immediately behind the shock front 
should not be affected by this scaling. Unfortunately, the numerical problems described 
in the last section seemingly prohibited the study of flows with large equilibrium regions; 
and althou^ this difficulty limits the validation of the radiation model, it does provide 
a starting point for future work. The two test configurations arc su mm a r ized in Table 
n below. 


Table n. Hypersonic Flowfield Case Summary 


Case 

Altitude 

Speed 

Rno«! 

Notes 


(km) 

(km/sec) 

(cm) 


Cylinder 

76.42 

11.36 

10 

Fire 2 1634 Conditions 

2-DFire2 

81.86 

11.37 

31.2 

Fire 2 1632 Conditions 


i ' For all cases wheip radiation calcuktions were performed, the_,wall temperature 

was assumed to be 2000 K, which corresponds to the current maximum temperature for 
. , a reusable, non-ablating heat shield. In addition, for all cases examined in this report, 
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the chemical rate relaxation &ctor was 03, Park’s T®’’ effective temperature model 
was utilized for dissociation reactions, and the translational-electronic coupling term of 
Gnoffo was employed. 

Numerical calculations with the modified version of INEQ3D were performed on 
Texas A&NTs Cray-YMP for the test cases, and bodi radiatively coupled and imcoupled 
situations were investigated. Typical radiatively uncoupled cases required 1.084x10"^ 
CPU seconds^teration/grid point, while radiative coupled runs, where tire radiation was 
updated every 1000 iterations, required 3.848x10'* CPU seconds/iteration/grid point. A 
large number of iterations (between 30,000 and 40,000) were needed in order to achieve 
a significant drop in the residuals due to time step limitations tiiat arose from two 
sources. First, the equations governing hypersonic flow become numerically stiff when 
the chemical reaction rates get fast and equilibrium regions appear; and significant 
equilibrium occurs in situations where radiation transport becomes important. Second, 
the time step was further limited by the diagonal implicit scheme which loosely couples 
the chemistry with the flowfield solver. 

The flowfield grids were constructed to minimize mesh cell size in the stagnation 
re^on and thus mitigate flie effects of numerical stiffness. The mesh for the cylinder 
case used 50x70 grid points and is shown in Figure 1. Note that while there is some 
clustering for the bow shock, tiie main clustering occius near the body in the thermo- 
chemical equilibrium region. The mesh for the two dimensional 1632 case used 50x80 
grid points and is given in Figure 2. Again, the majority of clustering occurs near the 
wall. Results are presented for both cases along tiie constant i grid lines shown in 



i = 50 



Figure 1: Cylinder Grid - 50x70 Grid Points 



i = 50 



i=15 


i=l 


Figure 2: 2D Fire 2 Grid - 50x80 Grid Points 
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Figures 1 and 2 as well as along tiie body. All other results presented in this report are 
along the stagnation streamline. 

Cylinder Flowfield Results 

The first set of results is for the cylinder with no radiative coupling. This 
flowfield converged in approximately 20,000 iterations with CFL munbers between 2 and 
0.25. As the solution progressed, the electron number density increased in the stagnation 
zone and avalanche ionization led to an increase in tire total density. The density 
increase had the effect of both decreasing the speed of sound, which increased the 
allowable time step, as well as forcing the chemistry to equilibrium faster, which 
decreased tire maximum allowable chemical time step. Thus, to converge the chemistry, 
an additional 20,000 iterations were required with maximum allowable CFL numbers 
between 0.5 and 0.0625. These additional iterations allowed the Nj mole fraction near 
the wall to drop from 7x10'^ to 4x10"^ which had little effect on die rest of the flowfield. 
The temperatures are given in Figure 3 and the profiles show fliat die only major change 
between the two iteration conditions is a temperature drop within one centimeter of die 
wall. A change in diis region is also seen in the pressure and density plots shown on 
Figure 4. Furdier insight into diis phenomenon can be gained by examining the mole 
fractions. Figures 5 and 6, which show that the major changes occur in the concentrations 
of the diatomic species. As the electron avalanche phenomenon is «icountered near 0.5 
cm, the maximum allowable time step must be reduced to maintain stability, and diis 
time step reduction virtually halts the relatively slow dissociation reactions. Thus, the 
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Figure 3: Cylinder Case - Thermal Profile without Radiative Coupling, 20,000 and 
40,000 Iterations 



Figure 4: Cylinder Case - Density and Pressure Profiles without Radiative Coupling, 
20,000 and 40,000 Iterations 


& 


K 





Figure 5: 
Coupling 


Figure 6: 
Couplmg 
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changes in chemical composition between the two time levels occur mainly in Nj, Oj, 
and NO, the primary dissociating species. 

Grouped and detailed radiation frequency spectra for this uncoupled case are 
shown in Figures 7 and 8. The atomic line radiation in die 0-2 eV and 8-12 eV region 
increased between 20,000 and 40,000 cycles, while the molecular continuum radiation 
between 2-4 eV decreased. For this case the total radiative heat transfer to the stagnation 
point was found to be 3.35 W/cm*. 

In Figures 9 through 16, results are presented for four different stations along the 
body corresponding to the i grid lines designated in Figure 1. Note that high free 
electron concentrations are present along the entire body. The diennodynamic variables 
along the body are also plotted versus the i station and are presented in Figures 17 and 
18 and show a significant drop in density and pressure as the gas expands around the 
body. 

Modified Atom-Atom Impact Ionization Rates 

Many current researchers either ignore atomic impact ionization, such as reaction 

’-i 

26 in Table I, or use reaction rates fliat are uncertain. These reactions may be important 

in seeding the avalanche ionization phenomena since molecular ionization may produce 

insufficient electrons to trigger avalanche. In order for avalanche ionization to occur, a 

Ur \ I - 

significant number of atoins must be ionized by Otiier means. 

As previously stated, a secondary goal of this study is to evaluate the effect of 

atom impact ionization rate coefficients on the overall structure and radiative heat 




Figure 8: Cylinder Case - Detailed Radiative Spectra without Radiative Coupling, 20,000 
and 40,000 Iterations 






2 3 

Distance from Body [cm] 


Figure 9: Cylinder Case - Thermal Profile widiout Radiative Coupling Along Grid Lines 
i = 15 and i = 30 



Figure 10: Cylinder Case - Therm^ Profile wi&out Radiative Coupling Along Grid 
Lines i = 40 and i = 50 






Figure 12: Cylinder Case - Density and Pressure Profiles without Radiative Coupling 
Along Grid Lines i = 40 and i = 50 
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transfer in the shock layer of a high speed rc-entiy body. Many years ago, Carlson^ 
estimated these rates assuming that ionization is a two step process which is rate limited 
by electronic atcitation from the ground states to the excited states and by using an 
excitation cross-section approximately one tenth of the dieorctical maximum. However, 
the work of Zel'dovich and Razier,“ implies that die excitation cross-section could be 
an order of magnitude smaller than Carlson's estimate; and, thus, the rates for the 
ionization of atomic nitrogen due to atom impact by both neutral and ionized atomic 
nitrogen could be significandy different 

Results using Carlson's rates have been first compared to those obtained by 
reducing the forward rates for reaction 26 by a factor of ten. Figure 19 gives die thermal 
profile through the shock layer for both Carlson's rates and the reduced rates. Note that 
die shock standoff distance has increased by 0.2 cm compared to die results with the 
original rates, and that die translational and vibrational modes do not equilibrate as 
rapidly. Figure 20 gives die pressure and density for this case, while Figures 21 and 22 
give die chemical composition for Carlson's rates and die lowered rates, respectively. 
As expected, the ionization of atomic nitrogen proceeds much slower, and many of die 
molecular profiles, particularly Nj, O 2 , and NO are significandy different near the wall. 
Obviously die amount of atomic impact ionization affects die chemistry in significant and 
subde ways. 

The grouped and detailed radiation frequency spectra for the two rates are 
compared on Figures 23 and 24, and they show a significant decrease in die atomic line 
radiation for the case with decreased rates. The net radiative flux to the wall calculated 
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Figure 19: Cylinder Case - Thermal Profile, Decreased Atom hnpact Ionization Rates 
Versus Carlson's Rates 



Figure 20: Cylinder Case - Density and Pressure Profiles, Decreased Atom Impact 
Ionization Rates Versus Carlson's Rates 
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Figure 23: Cylinder Case - Grouped Radiative Spectra, Decreased Atom Impact 

Ionization Rates Versus Carlson's Rates 



5 10 15 

Energy (cVJ 


Figure 24: Cylinder Case - Detailed Radiative Spectra, Decreased Atom Impact 

Ionization Rates Versus Carlson's Rates 
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with decreased rates is 3.02 W/cm* compared to 3.35 W/cm* for die unmodified rates. 
It should be noted that these results assume no radiative coupling. 

In order to further examine flowfield dependence on the atomic impact ionization 
rates, these rates were also increased by an order of magnitude. As shown on Figure 15, 
the shock standoff distance for this case decreased from 2.5 cm to 1.7 cm, and the 
temperature profiles exhibited a lower translational-rotational temperature immediately 
after the shock than found with the original rates. In addition, the thermal equilibrium 
region increased to almost one centimeter compared to 0.4 cm originally. The reduced 
shock standoff distance is caused by the shorter nonequilibrium zone and the 
corresponding faster rise in the total density after the shock OFigure 16). 

A comparison of tiie chemistry profiles in Figures 17 and 18 shows that the 
utilization of the increased atomic impact ionization rates has greatly increased the 
chemical relaxation rate of the major species behind the shock front In addition, this 
larger equilibrium region and the presence of more free electrons immediately behind the 
shock front has greatly increased the atomic line and continuum radiation, as shown on 
Figures 19 and 20, changing tiie total radiative heat transfer to flie wall fix)m 3.35 to 8.22 
W/cm*. Therefore, contrary to some investigators' assumptions, atomic impact ionization 
may be very important in the immediate post shock region. 

Radiatively Coupled Solutions . / 

The <ylinder configuration was investigated using tiie present model with tiie 
radiation loosely coupled with the flowfield solver. In, other words, the radiation was 
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Figure 25: Cylinder Case - Thermal Profile, Increased Atom Impact Ionization Rates 
Versus Carlson's Rates 
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Figure 26: Cylinder Case - Density and Pressure Profiles, Increased Atom Impact 
Ionization Rates Versus Carlson's Rates 
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Figure 30: Cylinder Case - Detailed Radiative Spectra, Increased Atom Impact 

Ionization Rates Versus Carlson's Rates 
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added explicitly to the righi hand side of the energy equations while neglecting the 
radiative Jacobian. Thermal and chemical stagnation profiles are presented in Figures 
21 and 22; and obviously, for this case, the radiation coupling has no noticeable effect 
as the solutions are almost identical. In addition, the net radiative flux to the wall for 
this case was found to be 3.34 W/cm^ which is only slightly less than the vmcoupled 
result 

In order to verify the qualitative aspects of the radiation coupling, the radiative 
coupling terms, which are added to the energy equations, were increased by an order of 
magnitude. It was observed that increasing die radiation coupling did not have a 
significant effect on the thermodynamic variables in the shock layer and the radiative 
heat transfer to the stagnation point dropped by only one percent, as shown in Table n. 
Thus, the radiation coupling effects were found to be inconclusive due to two factors. 
First, the amount of radiative coupling for the flight condition examined was likely very 
small. Second, the difference in radiative flux values may simply reflect the level of 
solution convergence. 

This case was also computed with radiation coupling only in die global energy 
equation in order to see the consequences of excluding die radiation term in die VEE 
energy equation. The effect bn the flowfield variables, chemistry, and radiation was 
found to be negligible. Unfortunately, since radiation coupling for this case was small, 
these results do not definitively establish that the radiative coupling term can be 
neglected in the VEE energy equation, and further study is needed. 
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Figure 31: Cylinder Case - Thermal Profile, Radiative Coupling in tiie Global and VEE 
Energy Equations Versus Uncoupled 
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Figure 32: Cylinder Case - Mole Fractions, Radiative Coupling in the Global and VEE 
Energy Equations Versus Uncoupled 
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Effect of Tenn 

As discussed earlier, diere is question concerning die inqiortance of the Eu^e^^ 
term in equation (19) which accounts for the change in average electronic energy due to 
a chemical reaction. Thus, the cylinder configuration was computed both widi and 
without this term; and it was found to have no discernible effect on the solution. Since 
this case has significant ionization, the exclusion of this term should have produced 
different results if it were important However, since its inclusion does not appear to 
affect either the results or the effort required to obtain a solution, it probably should be 
retained. The present results for the cylinder case are all summarized in Table El. 


Table in. Summary of Howfield Results for the Cylinder Configuration 


Case 

Shock StandofT 
Distance, A (cm) 

Radiative Heat Flux 
to the Wall (W/cm*) 

Radiatively Uncoupled (20,000 iter.) 

236 

169 

Radiativdy Uncoupled (40,000 iter.) 

236 

3J5 

Radiatively Coupled , 

236 

334 

Radiadcxi in Global Energy Eq. Only 

236 

332 

Radiation Coupling xlO 

236 

317 

Lowered Ionization Rates (A=23xl0‘® ) 

142 

3.01 

'.‘-I. ' ' f . ■ '<i. 

Increased Ionization Rates (A=2Jxl0“ ) 

1.70 

OO 

Removed Term from VEE Eq. 

2J6 

3.35 
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Fire 2 1632 Flowfield Results 

A two dimensional version of die Fire 2 fliglit «q)eriment at 1632 seconds 
mission tima was examined. As previously mentioned, die body was scaled down to one 
diird size to approximately match die shock standoff distance found in the diree 
dimensional case. The flowfield variables took longer to converge than die cylinder case 
due to the larger region of equilibrium. The maximum CFL numbers which still forced 
the solution towards convergence were used and varied between 2.0 and 0.0625. The 
smaller CFL values were needed after avalanche ionization began, which started at 
approximately 12,000 iterations as the two ten^eratures converged in pseudo-time. 
Stagnation streamline thermal profiles are given in Figure 33 for 19,000 and 38,000 
iterations. Although the temperature plots are similar, a large number of iterations were 
needed to resolve the chemistry in the stagnation region; and as a result, for the two 
times shown, the temperature dropped in the stagnation region from approximately 12500 
K to 10500 K. This temperature drop is caused by the energy sink of the dissociation 
and ionization chemical reactions in die stagnation region. The pressure and density, 
shown on Figure 34, both exhibit corresponding increases. 

Figures 37 and 38 give the chemistry profiles at the two iteration stages. At 
38,000 cycles the avalanche ionization region has increased in size and die diatomic 
oxygen and nitrogen near the wall has dissociated several orders of magnitude further. 
The oscillations in die O 2 concentrations are numerical effects caused by large gradimts 
or possibly species conservation problems associated with the diagonal implicit algorithm 
(to be discussed later). The radiative transfer spectral results in Figures 37 and 38 show 
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Figure 33; Fire 2 1632 Case - Thermal Profile without Radiative Coupling, 19,000 and 
38,000 Iterations 



Figure 34: Fire 2 1632 Case - Density and Pressure Profiles without Radiative Coupling, 
19,000 Iterations and 38,000 Iterations 
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Figure 37: Fire 2 1632 Case - Grouped Radiative Spectra without Radiative Coupling, 
19,000 Iterations and 38,000 Iterations 



Figure 38: Fire 2 1632 Case - Detailed Radiative Spectra without Radiative Coupling, 
19,000 Iterations and 38,000 Iterations 
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hat due to the increase in the size of the equilibrium region, the radiative flux to the 
wall has increased between the two iterative levels from 0.58 W/cm* to 1.03 W/cm^ due 
to the increase in contributions from atomic lines above 9 eV and the decrease in Nj^Cl*) 
in die 2-4 eV region. 

Results along the constant i lines noted in Figure 2 are presented in Figures 39 
dirough 46. High free electron mole fractions are evident in the avalanche ionization 
region imtil the flow encounters the relatively sharp comer near die outflow plane. Here, 
the gas rapidly expands around the comer causing die translational tenqierature, density, 
and pressure to drop dramatically. The vibrational teiiqierature requires many more 
collisions to reach equilibrium, and, thus, the vibrational tenqierature remains relatively 
constant, as shown in Figures 47 and 48. 

Modified Atom-Atom Impact Ionization Rates 

Results using the original atomic inqiact rates are con^ared to those using the 
decreased rates in Figures 49 through 54. Although die shock standoff distance increased 
by approximately 0.1 cm, it is clear that the overall effect on the flowfield was small. 
Thus, the flowfield is less sensitive to changes in the atomic intact ionization rates when 
the flight conditions are less extreme. All preceding results 'fr>r the 1632 case are 
summarized below in Table IV. 
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Hgure 39: Fire 2 1632 Case - Thermal Profile without Radiative Coupling Along Grid 
Lines i = 15 and i = 30 



Figure 40: , Fire 2 1632 Case - Thermal Profile without Radiative Coupling Along Grid 
Lines i = 40 and i = 50 






74 



Hgure 41: Fire 2 1632 Case - Density and Pressure Profiles without Radiative Coupling 
Along Grid Lines i = 15 and i = 30 



Figure 42: Fire 2 1632 Case - Density and Pressure Profiles without Radiative Coupling 
Along Grid Lines i = 40 and i = 50 
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Figure 44: Fire 2 1632 Case - Mole Fractions without Radiative Coupling Along Grid 
Line i = 30 
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2 1632 Case - Mole Fractions witiiout Radiative Coupling Along Grid 
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Figure 45: Fire 2 1632 Case - Mole Fractions widiout Radiative Coupling Along Grid 
Line i = 40 
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Figure 46: Fire 2 1632 Case - Mole Fractions without Radiative Coupling Along Grid 
Line i = 50 
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Figure 47: Fire 2 1632 Case - Thermal Profile without Radiative Coupling Along the 
Body 



Figure 48: Fire 2 1632 Case - Density and Pressure Profiles without Radiative Coupling 
Along the Body 
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Figure 49: Fire 2 1632 Case - Thermal Profile, Decreased Atom Impact Ionization Rates 
Versus Carlson's Rates 
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Figure 50: Fire 2 1632 Case - Density and Pressure Profiles, Decreased Atom Im^pact 
Ionization Rates Versus Carlson's Rates 
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Figure 54: Fire 2 1632 Case - Detailed Radiative Spectra, Decreased Atom Impact 
Ionization Rates Versus Carlson's Rates 
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T ible IV. Summaiy of Results for Uie 1632 Configuration 


Case 

Shock Standoff 

Radiative Heat Flux to 


Distance, A (cm) 

the Wall, (W/cm*) 

Radiatively Uncoupled (19,000 iter.) 

6.14 

0.58 

Radiatively Uncoupled (38,000 iter.) 

5.80 

1.03 

Lowered Ionization Rates (A=2.34xl0'“ ) 

5.96 

1.03 


Quiescent Oxygen Results 

To investigate further the consequences of diagonalizing the chemical source 
Jacobian a quiescent oxygen reacting gas was also studied. Results were obtained using 
a pilot code for both oxygen dissociation and recombination cases. Since for the 
quiescent situation there is no flow into or out of the control volume, the total density 
remained constant at die initial value of 2.85x10'^ kg/m*, hi both cases, die time step 
was increased exponentially by multiplying die time step at each iteration by the factor 
1.1; and the criteria for a converged solution was diat the temperature change between 
successive iterations be less than 1x10"^ K. These cases were confuted with the 
diagonal implicit approximation of the source Jacobian bodi added to (+) and subtracted 
fiom (-) the left hand side of the solution scheme. These cases correspond to a negative 
and positive source Jacobian on die right hand side, respectively, hi this section, results 
for these cases are compared to those obtained using a fully implicit algorithm. 
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Oxygen Dissociation 

For fliis case diatomic oxygen is perturbed from 300 K to 10,000 K at time 
Figures 55 and 56 present results with an initial time step of 1x10 ’ seconds, and all 
cases required 109 iterations to converge. The time step was set initially to a small value 
due to the fast reaction rates at the initially high temperature. The final equilibrium 
temperature agrees fairly well for all three cases at approximately 2920 K. The mass 
fractions for O also agree at 29.1%, but the Oj mass fiactions for die diagonal implicit 
schemes are 2% low for the diagonal (+) scheme and 4% high for the diagonal (-) 
scheme as compared to the fully implicit method (70.9%). Obviously, in the current 
diagonalized formulation, the elemental species are not being perfecdy conserved. 

The initial time step was then increased to IxlO'* seconds. The fully implicit and 
die positive diagonal implicit each took 85 iterations, while die negative diagonal 
approach quickly diverged to the imposed limits on mass fiuction (1x10 '* < c < 1). 
Figures 57 and 58 indicate that although the equilibrium temperatures were close, the O 2 
ma-ss fractions were again quite different In addition, the path to convergence was 
different for the two solutions from the results shown on Figure 40. Thus, for larger 
initial values of At, it appears that die solution behavior is algorithm dependent 

Oxygra Recombination 

The case eTumining oxygen recombination assiuned that die gas was iriitially in 
the atomic state at a very high temperature, which then instantaneously dropped to 1000 
K. Figures 59 and 60 display the resulting thermal and chemical profiles for an initial 
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Figure 55: Oxygen Dissociation - Temperature Compadson for Fully Implicit, Diagonal 
(-), and Diagonal (+), At^ = 1x10"’ 
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Figure 56: Oxygen Dissociation - Mass Fraction Ckimpaiison fdif Fully Implicit, 

Diagonal (-), and Diagonal (+), A^ = IxlC’ 
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Figure 57: Oxygen Dissociation - Temperature Comparison for Fully Inplicit, Diagonal 
(-), and Diagonal (+), At, = 1x10'* 



Figure 58: Oxygen Dissociation - Mass Fraction Comparison for Fully Implicit, 

Diagonal (-), and Diagonal (+), At;, = IxlO"* 






Figure 60: Oxygen Recombination - Mass Fraction Comparison for Fully Implicit, 
Diagonal (-), and Diagonal (+), At, = IxlO’ 







86 


time stq) of 1x10 ’ seconds. The fully implicit and diagonal (+) schemes converged in 
90 iterations to 3625 K while die negative diagonal scheme went unstable at 
approximately 100 iterations. This onset of instability corresponds to the point when the 
magnitude of the source Jacobian terms (3F,/3co2 and dFj/dCo) becomes larger tiian 1/At; 
and thus, the chemistry Jacobian forces the solution to proceed in the wrong direction. 
The mass fractions for the fully implicit and positive diagonal schemes are also nearly 
equal at 12.9% and 87.1% for Oj and O respectively, while die negative diagonal scheme 
diverged. 

Figures 61 and 62 show results obtained for an initial time step of IxlO"* seconds. 
Larger initial time steps are allowed for this case since die initial reaction rates are 
slower at the lower temperatures. The negative diagonal algorithm clearly became 
unstable very quickly. However, the positive diagonal scheme converged to 3576.7 K at 
equilibrium, 50 degrees less than the fully implicit scheme. For both cases, the O mass 
fraction was the same, but the Oj mass fraction for the diagonal (+) scheme was 16.0% 
at equilibrium as compared to 12.9% for the fully inqilicit scheme. 

Obviously, the negative diagonal scheme is unstable for large time steps; and the 
diagonal (+) scheme, while stable, does not necessarily conserve elemental species, 
especially when the time step becomes large. For large reaction systems with many 
species, this semi-implicit nature of the chemistry coupling could lead to significant time 
stq) restrictions due to numerical stiShess. 



87 



Figure 61: Oxygen Recombination - Temperature Comparison for Fully Implicit, 

Diagonal (-), and Diagonal (+), At„ = 1x10"* 



Figure 62: Oxygen Recombination - Mass Fraction Comparison for Fully Implicit, 
Diagonal (-), and Diagonal (+), = IxlO"* 
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CONCLUSIONS 

A nonequilibrium radiation transport noodel has been coupled with the 
nonequilibrium thermo-chemical flowfield solver, INEQ3D. The effective temperature 
model for calculating the reaction rates of dissociation reactions has been modified to 
Park's TTV model.**'^*'^^ In addition, the free electron-translational coupling model of 
Gnoffo'* has been integrated into the solver along with a chemical rate time relaxation 
factor to mitigate the effects of numerical stiflhess. Two cases were successfully studied 
corresponding to two points in die Fire 2 vehicle flight trajectory. 

Studies with these cases showed that the atomic impact ionization rates were very 
important in seeding avalanche ionization in air for die cylinder case. Decreasing diese 
rate coefficients by an order of magnitude increased the shock standoff distance, while 
decreasing the net radiative heat transfer by approximately ten percent. Increasing the 
rates dramatically decreased the shock standoff distance and die stagnation point radiative 
heating increased by a factor of roughly 2.5. Further investigation is needed since the 
flowfield properties and radiative heat transfer were found to be extremely sensitive to 
the rates utilized in the atomic impact ionization reactions. 

The studies also showed that the removal of the term which accounts for the net 
change in electronic energy due to chemical reactions had a negligible effect on the 
flowfield. However, the effect of including the radiative coupling terms in the 
vibrational-electron-electronic energy equation were inconclusive due' to the numerical 
stiffness diat manifested in flows where radiative phenomena becomes important 

In the above studies, difficulties w6re encountered in obtaining converged 
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solutions and veiy small CFL numbers were required when significant equilibrium 
existed. It is believed that the possible origin of diis difficulty is in die approach used 
to approximate the chemical source Jacobian. The diagonal implicit scheme, as proposed 
by hnlay et al.^ becomes unstable when die diagonal terms of die implicit operator 
become small (or negative) and diagonal dominance is lost By switching the sign on 
the diagonalized chemistry Jacobian diagonal dominance is enhanced, but the 
approximate nature of the chemistry-flowfield coupling causes the species densities to 
be updated in an approximate manner. The switched sign positive diagonal scheme used 
in die present method therefore loosely couples the chemistry with the flowfield. For 
flows with fast chemical reactions and, therefore, large Damkohler numbers, the 
numerical stiffiiess may require fully implicit chemistry in order to achieve the relatively 
large chemical time steps necessary for satisfactory flowfield convergence. 

Radiative heat transfer becomes significant at high speeds and moderate densities 
where large equilibrium zones occur along with the avalanche ionization phenomenon. 
When the CFL numbers were large enough to allow the flowfield to converge efficiendy, 
oscillations in the chemistry profiles were observed in die stagnation region where the 
chemical rates are fastest Thus the diagonal irrqilicit algoridun may not be practical for 
the numerical conqiutation of nonequilibrium high speed, re-entry flows involving 
significant ionization and radiation. In these flight regimes, for example, lunar return, 
it may be important for the chemistry to be .fully iiiq)li<Ht.Hwidiin ,tiie confines of the 
numerical solution scheme. Obviously, further study in the use of implicit methods for 
these cases is needed. 
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APPENDIX 

Table A.1. Thermodynamic Constants 
Species Mol. WL C, Cj C, C 4 Cj 

Nj 28.016 3.5 -1697.54 4.472 1.203xl0‘® 1442.60 

O 2 32.0 3.5 -1136.12 5.535 -4.812x10'® -2537.66 

NO 30.008 3.5 -1375.50 5.870 -4.143x10'® 82.58 

NO* 30.008 3.5 -1722.15 5.905 -5.407x10" -294.97 

Nj* 28.016 3.5 -3810.69 4.520 -5.042x10'® -3841.10 

0 / 32.0 3.5 -1316.26 6.289 -7.770x10'® -989.86 

N* 14.008 2.5 45.85 5.415 9.647x10*'® 5664.84 

O* 16.0 2.5 42.71 4.397 4.795x10*'® -55.39 

N 14.008 2.5 45.89 5.177 3.748x10-* -109.28 

O 16.0 2.5 13.43 6.026 3.825x10** 5401.94 

c* .0005486 2.5 -670.88 -11.69 
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APPENDIX 

Table A.I. Thermodynamic Constants 


Species 

Mol. Wt 

c, 


c, 

C 4 

C 5 

N 2 

28.016 

3.5 

-1697.54 

4.472 

1.203x10*“ 

1442.60 

O 2 

32.0 

3.5 

-1136.12 

5.535 

-4.812x10'“ 

-2537.66 

NO 

30.008 

3.5 

-1375.50 

5.870 

-4.143x10'“ 

82.58 

NO* 

30.008 

3.5 

-1722.15 

5.905 

-5.407x10" 

-294.97 

^2 

28.016 

3.5 

-3810.69 

4.520 

-5.042x10'“ 

-3841.10 


32.0 

3.5 

-1316.26 

6.289 

-7.770x10'“ 

-989.86 

N* 

14.008 

2.5 

45.85 

5.415 

9.647x10'“ 

5664.84 

0 * 

16.0 

2.5 

42.71 

4.397 

4.795x10'“ 

-55.39 

N 

14.008 

2.5 

45.89 

5.177 

3.748x10® 

-109.28 

0 

16.0 

2.5 

13.43 

6.026 

3.825x10-® 

5401.94 

e' 

.0005486 

2.5 

-670.88 

-11.69 

- 

- 
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1 Introduction 

1.1 Purpose 

The purpose of this work was to couple the nonequilibrium flowfield solver INEQ3D 
[1] with the Texas A&M University (TAMU) local thermodynamic nonequilibrium 
(LTNE) radiation model [2], [3] to account for the energy sinks and sources associated 
with high temperature air radiation. 

1.2 Flight Conditions 

Radiative transport becomes significant in high speed entry flows at velocities associ- 
ated with Lunar and Martian return. At these conditions nonequilibrium chemistry 
and nonequilibrium radiation phenomena can interact significantly, particularly via 
the fast electron impact ionization reactions. 

1.3 Problems 

The presence of these fast reactions along with convective phenomena which occur at 
a much slower rate leads to numerical stiffness during the discretized solution of the 
governing equations. The diagonal implicit approximation [4] for the chemical source 
Jacobian used in INEQ3D lowers the maximum allowable Courant (CFL) number to 
the point where a large number of iterations are necessary to advance the convective 
phenomena in pseudo-time. 

1.4 Proposed Solution 

Since the CFL number is limited by the fast electron impact reactions, either a fully 
implicit or a point implicit formulation for both the flowfield solver and the chem- 
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istry should raise the stability limit. While implicit methods would increase the 
per-iteration cost the overall cost of achieving a converged solution should be greatly 
reduced. 
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2 INEQ3D Minor Modifications 

2.1 Electron— Heavy Particle Collisions 


The original formulation for energy exchange due to elastic collisions between elec- 
trons and heavy particles was given by 


S 1/ 

Qt-, = 2p,--R(T-T^)J2-^ (1) 

^ s=4 

where the summation from 4 to 10 includes all atoms and ions, but omits the neutral 
diatomic molecules. The variable i/g, is the effective collision frequency of an electron 
with species s and is found from 



( 2 ) 


where Oea is the effective energy exchange cross section. 

In order to include all heavy particles in the the evaluation of the translational-free 
electron elastic energy exchange, the above model was modified to that of Appleton 
and Bray [5]. This new model utilizes equation (1) summed over all heavy particles 
and an effective energy exchange cross section for neutrals given by; 

(Tea = 0.a+ bgTel -f- (3) 

The constants in equation (3) may be found in the Appendix of reference [6]. 

For collisions between electrons and the positively charged heavy particles the 
Coulombic , attractive force must be taken into ^account. This effect can be modeled 
as 


= 


3 \me- ) (2kT^)(y^) VTrrie-eV 


(4) 
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where e is the electronic charge equal to 1.5188E-4 esu in the m-k-s system of units 
(1 esxj? — \ kg m^/s^). 

2.2 Eflfective Temperature Model 


The original model [1] for determining chemical rate processes used an effective tem- 
perature to determine the forward reaction rate coefficients. This effective tempera- 
ture was based on the available Gibb’s free energy in each energy mode and was of 


the form 


5^ = Ep (5) 

-‘e// aUi 

where the statistical factor fi is the ratio of free energy in mode i to the total free 


energy. 

It was found that this effective temperature model does not reflect the phj'sically 
correct temperature dependence for Mach numbers in excess of thirty when used with 
Park’s eleven species air reaction set (see reference [6], page 21), particularly for the 
electron impact reactions where, in the Park model [7], [8], [9], the effecti^'e tem- 
perature is replaced by the electron-electronic temperature. Since the electron-atom 
impact reactions are extremely important for the conditions where radiative heating 
becomes significant, the above effective temperature model was replaced with Park’s 
TTV model. In this model, the effective temperature for dissociation is calculated 
based on a geometric average of the translational and vibrational temperatures using 


T,=T^Tl-^ 


where q was taken to be 0.3 for the cases examined in reference [6]. The electron 
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impaict reactions were assumed to be functions of the electron-electroni : temperature 
to account for the free electron translational energy [7]. For all reactions the equilib- 
rium constant was evaluated using the same temperature found in the forward rate 
equation. 

2.3 Chemical Production Rate Relaxation 

In order to reduce the instabilities associated with numerical stiffness, a method 
for slowing down the chemistry was needed which would not alter the steady state 
solution. To this end, a chemical production rate time relaxation was introduced of 
the form 

+ (7) 

where a;”"''* is the new time relaxed production rate for species s, is the actual 

species production rate, and w” is the value of the relaxed production rate at time 
level n found from equation (7). For all cases run in reference [6], the chemistry 
was under-relaxed with x = 0-3. To include the above chemical relaxation, it was 
necessary to store the old value of the production rate at each point. The array 
WOLD is one of two added to INEQSD’s main program. 
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3 Radiatior Coupling 

3.1 Radiation Post-Processing 

The array DQDY is the second array added to the the main program and is used 
to store the radiative flux along a single ^ = constant line. Two new variables were 
introduced into the main input file to allow radiative post-processing. The variable 
RSTAG, when enabled, calculates the radiative absorption and emission at each grid 
point along the stagnation streamline. These results are then sent to the file fort. 25. 
This file is used as input for the post-processing fortran code radnew.f, which outputs 
both grouped {fort. 65) and detailed {fort. 66) radiative spectra information to the 
stagnation point. 

The variable RBODY, when enabled, allows the calculation of net radiative heat 
transfer to the body along the surface. The output is sent to foH.55 which gives both 
the I location and the net radiative heat transfer to the body in units of Since 

this calculation involves integrating the radiation along each ^ = constant grid line 
normal to the body, this option is computationally expensive and should be turned 
off when not needed. 

Two files are utilized as input for the radiation routines. The file mexcite.dat 
contains molecular excitation and cross-section data and the file rad. dot serves as the 

main input file for the TAMU radiation model. For further information, see references 
[10] and [11]. 
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3.2 Radiation— Gas Dynamic Coupling 

There axe several options included for radiation coupling in the supplemental input 
file fort. 88. One option allows the radiative energy source term to be included in 
the global energy equation, while another allows this coupling term to be included 
in the vibrational-electron-electronic (VEE) energy equation as well. The radiation 
coupling can be costly for large grids, and thus an option is included for performing 
the radiation calculations only after a specified number of iterations (eg. every 200 
iterations) and starting at a specified iteration number. The general procedure is to 
allow the flowfield to reach a certain level of convergence and then to slowly introduce 
the radiative source terms. For example, these last few options allow the user to begin 
radiation calculations at iteration 1000 with 50% of the fiill radiation coupling term 
and then increase this contribution by 10% every 100 iterations, thus allowing the 
full 100% of the radiative contribution to be counted by iteration 1500 and updated 
every 100 iterations thereafter. 
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4 Input Files 

4.1 Standard Input 

Two variables were added to the main input file (standard input): 

RSTAG Flag for radiation post processing at the stagnation point 

=.FALSE. for no radiative post processing 
=.TRUE. for radiative post processing 

RBODY Flag for radiation post processing along the body 

=. FALSE, for no radiative post processing 
=.TRUE. for radiative post processing 

4.2 Secondary Input File (fort.88) 

A second input file was created to handle the new parameters governing both the 

radiation calculations and the other minor modifications: 

Record 1, section title (RADIATION COUPLING VARIABLES) 

Record 2, free format 

RAD Flag for radiation coupling in Global energy equation 

=.FALSE. for no radiation coupling 
=.TRUE. for radiation coupling 

RADVEE Flag for radiation coupling in the vibrational-electron-electronic 
energy equation (only used if RAD=.TRUE.) 

=.FALSE. for no radiation coupling in VEE energy equation 
=.TRUE. for radiation coupling in VEE energy equation 

format 

First iteration to perform radiation coupling 
Number of flowfield iterations between radiation coupling updates 
Amount to increment radiation coupling factor (eg. RADINC=0.10 
will increment the radiation factor by lOiterations) 

Initial radiation factor (calculated as fraction of total radiation 
coupling) 

Record 4, section title (CHEMICAL RATE TIME RELAXATION) 

Record 5, free format 

WFAC Chemical rate relaxation factor 

=1.0 No chemical rate relaxation 
=0.0 Frozen chemical rates 

Record 6, section title (PARK’S TTV EFFECTIVE TEMPERATURE MODEL) 


Record 3, free 
IFIRST 
KRAD 
RADINC 

RADFAC 
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Record 7, free format 

TMODEL Flag for Park’s T^ff = effective temperature model 

=.FALSE. for Tam and Li’s effective temperature model 
=.TRUE. for Park’s effective temperature model 

Record 8, free format 

QPARK Exponent q in Te/j — 

IPARKl Last reaction to use Te// (following reactions will use translational 

temperature)* 

IPARK2 First reaction to use the electronic temperature* 

Record 9, section title (GNOFFO’S T-E COUPLING: CURVE FIT CONSTANTS 
FOR NEUTRALS) 

TECPL Flag for Gnoffo’s (Appleton and Bray’s) coupling between electrons 

and heavy particles (valid between 5000 and 15000 Kelvin) 

=. FALSE, for Tam’s T-E coupling 
=.TRUE. for Gnoffo’s T-E coupling 

Record 10, free format 

KM AX Number of entries in the following arrays 

Records (I=11,KMAX+11), free format 

ICCS(I) Neutral species number for T-E coupling curve fit 

CCS(I,l-3) Curve fit constants for above species 

*note: The reaction set must be ordered such that reactions 1 to IPARKl utilize 

Te//, reactions IPARKl-fl to IPARK2-1 utilize Tjr, and reactions IPARK2 to end 

utilize Tei in rate calculations. 


11 



5 Solution Methodology 


The instabilities due to fast chemical reactions manifested primarily in the stag- 
nation nose region of the body. In order to mitigate the effects of numerical stiffness 
in this region, the grid was refined to decrease the time step and thus better capture 
the fast electron impact reactions. 

The Courant (CFL) number was initially set to a relatively large value. After 
roughly 4000 iterations, the solution was examined. If instabilities were present then 
the CFL number was halved and the solution was rerun with the previous restart 
file (before any instabilities appeared). If the solution was stable for two runs at the 
same CFL number, then the CFL number was doubled for the next run. It was noted 
that soon after the electron-atom impact ionization phenomenon became prominent, 

the CFL number had to be reduced, sometimes as low as l/16th of the initial CFL 
number. 
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6 Sample Results 


Two dimensional results are presented for a 10 centimeter radius cylinder at a free 
stream velocity of 11.36 km/sec (Mach 40.5) and an altitude of 76.42 kilometers. 
These conditions correspond to the the Fire 2 flight experiment [12] at 1634 seconds 
mission time although the cylinder radius is significantly smaller than the effective 
nose radius of the Fire 2 vehicle. This scaling was done in order to account for the 
increased shock stand-off distance for two dimensional bodies and to decrease the size 
of the equilibrium region where the fast reactions take place. 

The computational grid is shown in Figure 1 and utilizes clustering both at the 
shock location and in the equilibrium region of the flow. Figure 2 gives the thermal 
profile, pressure, and total density along the stagnation streamline. A large region of 
thermal nonequilibrium is evident immediately after the flow passes through the shock 
wave while the thermal equilibrium region is much smaller. The increase in density 
found in the thermal equilibrium region is due mainly to the dissociation of diatomic 
nitrogen near the stagnation point (Figure 3). The sharp increase in the electron, 
O'*", and JV"*" mole fractions near thermal equilibrium is a result of the avalanche ion- 
ization phenomenon. Initially, as the flow passes through the shock wave, electrons 
are produced by a variety of relatively slow ionization reactions. As the electron tem- 
perature and the electron number density increases, the faster electron-atom impact 
ionization reactions become the primary source for creating free electrons, catlsing an 
exponential increase in the electron number density' known as avalanche ionization. 
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Also shown in Figure 3 is a residual plot giving the L 2 norm residual of four of the 
chemical species over the entire flowfield. Figure 4 gives the L 2 norm residual of four 
additional chemical species as well as an example of the CFL number modification 
scheme. Although the CFL number starts out at a reasonable value, the appearance 
of the avalanche ionization phenomena forces the stability limit to drop so that the 
final CFL number has a value of 0.0625. 

Both grouped and detailed radiation frequency spectra are presented in Figure 5. 
The majority of the radiation comes from bound-bound and bound-free transitions 
in the ultraviolet region (9-16 Ev range) and the total radiative heat transfer to the 
stagnation point was found to be 3.35 Wfcm?'. The magnitude of the radiative heat 
flux along the cylinder’s surface is shown in Figure 6. As expected, the maximum 
radiative heating occurs at the stagnation point (1=2) for both continuum and line 
radiative transitions. 

Contour plots for the species mass fractions are given in Figures 7 through 11. 
Oscillations are present in the O 2 mass fraction plot (Figure 7) and are probably 
numerical effects caused by the presence of strong chemistry gradients as well as 
numerical stiffness. The avalanche ionization region is clearly depicted in the electron 
mass fraction contour plot of Figure 12. Also shown is the Mach number based on the 
local speed of sound and it is apparent that the flow is well ^to the supersdnic regime 
as the outflow plane is encountered. . Presented in Figures 13 and 14 are contour plots 
for the two temperatures, the density, and the pressure. 
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7 Conclusions and Recommendations 


The TAMU nonequilibrium radiation transport model has been coupled with the 
nonequilibrium thermo-chemical flowfield solver INEQ3D. The effective temperature 
model for calculating the reation rates for dissocation has been modified to Park’s 
TTV model [7], [8], [9]. In addiditon, the free electron-translational coupling model 
of Appleton and Bray [5] has been integrated into the solver along with a chemical 
rate time relaxation factor to mitigate the effects of numerical stiffness. 

DiflBculties were encountered in obtaining converged solutions and very small CFL 
numbers were required when significant equilibrium regions were present. It is be- 
lieved that the origin of this difficulty is in the approach used to approximate the 
chemical source Jacobian. The diagonal implicit scheme, as proposed by Imlay et 
al. [4] handles the chemistry in an approximate manner and therefore only loosely 
couples the chemistry with the flowfield solution. For flows with fast chemical reac- 
tions, the numerical stiflFness caused by the disparate time scales in the convective 
and chemical phenomena may require fully implicit chemistry in order to achieve the 
relatively large chemical time steps necessary for satisfactory flowfield convergence. 

Radiative heat transfer becomes significant at high speeds and moderate densities 
where large equilibrium zones occur along with the avalanche ionization phenomenon. 
When the CFL numbers were large enough to allow the flowfield to converge efficiently, 
oscillations in the chemistry profiles were observed in the stagnation region where the 
chemical rates are fastest. Thus the diagonal implicit algorithm may not be practical 
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for the computation of nonequilibrium high speed, re-entry flows involving significant 
ionization and radiation. In these flight regimes, for example lunar return, it may be 
important for the chemistry to be fully implicit within the confines of the numerical 

solution scheme. Further study in the use of implicit methods for these cases is 
needed. 

The variation in the radiative flux terms along the body direction) is much 
smaller than the variation normal to the body {rj direction). The radiative flux 
source terms are currently calculated at every constant ^ line. In order to increase 
the computational efficiency of the code, it is suggested that the radiative terms 
may only need to be calculated every second or third line along the body. This 
modification would cut the costly radiation calculations by a factor of two (or three) 
for two dimensional cases and a factor of four (or nine) for three dimensional cases. 
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Temperature [T/TJ 




Distance from Body, [cm] 

Figure 2; Thermodynamic Properties Along Stagnation Streamline 
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Figure 4: Residual Plot 2 uid CFL Modification Sdieme 
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Figure 5: Stagnation Point Grouped and Detailed Radiative Spectra 
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Radiative Flux to Waii [W/cm*] Radiative Flux to Wall [W/cm®] 




Figure 6; Line and Continuum Radiative Heat 'IVansfer to Cylinder Surface 
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Nj Mass Fraction 

1 0.719136 
H 0.671271 
G 0S23407 
F 0.575542 
E 0S27678 

0 0.479813 

C 0.431949 
B 0S64064 
A 0S3622 
9 0268355 

8 0240491 

7 0.192626 

6 0.144761 

5 0X»66969 

4 0.0490324 

3 0.0156727 

2 0.00468656 

1 0.00269442 



Oj Mass Fraction 

G 0211818 
F 0.190636 
E 0.169454 

0 0.148273 

C 0.127091 
B 0.105909 
A 0i)647272 
9 OJ0635454 

8 0X>423636 

7 0J0211818 

6 0J000767192 

S 2240E<5 
4 8.681 E-6 

3 3.407E-6 

2 2SE*17 

1 2SE-17 


Figure 7: and O 2 Mass FVaction Contour Plots 
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N Mass Fraction 



8 0.702502 
A 0.648964 

9 0.584066 

6 0.519187 

7 0.454289 

6 0S8939 

5 0.324492 

4 0259594 

3 0.194695 

2 0.129797 

1 0.0648984 



O Mass Fraction 

E 0232719 

0 0232538 

C 0232287 
B 0223413 
A 0211573 
9 ai90416 

8 0.169258 

7 0.148101 

6 0.126844 

5 0.105787 

4 0J0648292 

3 OJ0634718 

2 0UM23146 

1 0iJ211573 


Figure 9: N and O Mass Rraction Contour Plots 


26 



Mass Fraction 



A 0.121218 
9 0.108097 

5 0.0969752 

7 0.0846533 

6 0.0727314 

5 0.0606095 

4 0.0484876 

3 0.0363657 

2 0J0242438 

1 0.0121219 



O* Mass Fraction 

A 0.0181957 
9 0i)163761 

8 0.0145566 

7 0.012737 

6 OJ01O9174 

5 0.00909785 

4 OJ00727828 

3 0J00545671 

2 0i)0363914 

1 0j00iei957 



Figure 10: and Mass FVaction Contour Plots 
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NO Mass Fraction 



0 0.00216661 
C 0.00195013 
B 0.00173345 
A 0JX)1 51677 
9 0.00130009 

8 0.0010634 

7 0.000866724 

6 0.000650043 

5 0.000433362 

4 0.000216681 

3 8.038E-5 

2 2.191 E-5 

1 6.446E-6 



NO^ Mass Fraction 

A 0.000873875 
9 0.000786487 

8 0.0006991 

7 OiX)0611712 

6 0.000524325 

5 0.000436937 

4 0.00034955 

3 OJ000262163 

2 0XX»174775 

1 B.736E-S 


Figure 11; NO and NO+ Mass FVaction Contour Plots 
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e’ Mass Fraction 



C 5.402E-6 

e 4^E<6 

A 4.321 E<6 

9 3781 E<6 

8 3741 E-6 

7 2701 E-€ 

6 2.1G0E<€ 

S 1.620E-6 

4 1.080E-6 

3 S.402E-7 

2 2.5S2E-7 

1 1.006E-8 



Mach Number 

F 36.6934 
E 337056 
D 29.5177 
C 25.8299 
e 22.142 
A 18.4542 
9 14.7663 

8 11.0785 

7 779066 

6 3.70282 

5 1771 

4 0767562 

3 0.690663 

2 0.419863 

1 07395 


Figure 12: Electron Mass FVaction and Mach Number Contour Plots 


Translational Temperature 



A 279.144 

9 251J33 

8 223.515 

7 195.701 

6 167.886 

5 140.072 

4 112.256 

3 84.4432 

2 56.6268 

1 26.8144 



Figure 13: TVanslational and Vibrational Temperature Contour Plots 
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9 Appendices 


9.1 Input Files 

9.1.1 Standard Input File 

T F F F T F 
T F T F F 
T T F T F 
11 51 


60 70 2 

1 00001 1 

01000 200 10 

4 2 5 

4 14 

1.0 1.0 

3 42 42 

1.0 



6.6044E-6 -1.0 

0.000000 

0.00 

0.00 

37270.34 0.0436488 351.0 

0.00 1.E6 

1.40 0.73 

f irechemll 
ISO. 65000. 

16 4 

1.50 

10 

8.30 


N2 

28.016 0 

.767 3395. 


.00000000^00 

.12032274-09 

.35000000+01 

.14426096+04 

- . 16975380+04 

.44721828+01 

.10000000+01 

.30000000+01 

.60000000+01 


.00000000+00 

.72233000+05 

.85779000+05 


02 

32.0 0 

.233 2270. 


.00000000+00 

-.48120335-09 

.35000000+01 

-.25376565+04 

-.11361170+04 

.55353971+01 

.30000000+01 

.20000000+01 

. 10000000+01 


.00000000+00 

.11392000+05 

.18985000+05 


NO 

30.008 

2740. 


.30126055+07 

-.41428552-09 

.35000000+01 

.82585556+02 

-.13755000+04 

.58700914+01 

.40000000+01 

.80000000+01 

.20000000401 


.00000000+00 

.55835000+05 

.63258000+05 


N0+ 

30.008 

2740. 

.82 

.33098773+08 

-.64070696-10 

.35000000+01 

-.29496701+03 

-.17221480+04 

.59047489+01 

. 10000000+01 

.30000000+01 

.60000000+01 


.00000000+00 

.75090000+05 

.85234000+05 


N2+ 

28.016 

3395. 

.85 

.54532343+08 

-.60423765-09 

.35000000+01 

-.38411001+04 

-.38106880+04 

.45195608+01 

.20000000+01 

.40000000+01 

.40000QOO+01 


.00000000+00 

.13189000+05 

.36633000+05 


02+ 

32.0 

2270. 

.68 

.36637444+08 

-.77702160-09 

.35000000+01 

-.98986157+03 

-.13162570+04 

.62894244+01 

.40000000+01 

.80000000+01 

.40000000+01 


.00000000+00 

.47428000+05 

.58514000+05 


N+ 

14.008 


.59 

.13439875+09 

.96467356-09 

.25000000+01 

.56648418+04 

.45850000+02 

.54147677+01 

.90000000+01 

.50000000+01 

.10000000+01 


.00000000+00 

.22000000+05 

.47000000+05 


0+ 

16.0 


.60 

.98027720+08 

.47954040-09 

.25000000+01 

-.55391609+02 

.42710000+02 

.43968968+01 

.40000000+01 

.10000000+02 

.60000000+01 


.00000000+00 

.38600000+05 

.58200000+05 


N 

14.008 


.1475 

.33756213+08 

.37479202-08 

.25000000+01 

-.10928045+03 

.45890000+02 

.51772995+01 


32 



E~ 


.4000000(H01 

. 00000000+00 

.15570756+08 

.38245505-08 

.90000000+01 

.00000000+00 

.00000000+00 

.00000000+00 

. 00000000+00 

.00000000+00 


.10000000+02 

.27665000+05 

16.0 

.25000000+01 

.54019395+04 

.50000000+01 

.22831000+05 

.0005486 

.25000000+01 

.00000000+00 

.00000000+00 

.00000000+00 


.60000000+01 

.41495000+05 

.13429000+02 

.10000000+01 

.48619600+05 

-.67087492+03 

. 00000000+00 

. 00000000+00 


N2 

N 

N 

N 

N 

3 0 


3.0E22 

113200. 

-1.6 

N2 

NO 

N 

N 

NO 

3 0 


7.0E21 

113200. 

-1.6 

N2 

N2 

N 

N 

N2 

3 0 


7.00E21 

113200. 

-1.6 

N2 

0 

N 

K 

0 

3 0 


3.00E22 

113200, 

-1.6 

N2 

02 

N 

N 

02 

3 0 


7.0E21 

113200. 

-1.6 

N2 

N+ 

N 

N 

N+ 

3 0 


3.00E22 

113200. 

-1.60 

N2 

0+ 

N 

N 

0+ 

3 0 


3.00E22 

113200. 

-1.60 

N2 

N2+ 

N 

N 

N2+ 

3 0 


7.00E21 

113200. 

-1.60 

N2 

02+ 

N 

N 

02+ 

3 0 


7.00E21 

113200. 

-1.60 

N2 

N0+ 

N 

N 

N0+ 

3 0 


7.00E21 

113200. 

-1.60 

02 

N+ 

0 

0 

N+ 

3 0 


1.00E22 

59500. 

-1.50 

02 

0+ 

0 

0 

0+ 

3 0 


1.00E22 

59500. 

-1.60 

02 

N2+ 

0 

0 

N2+ 

3 0 


2.00E21 

59500. 

-1,50 

02 

02+ 

0 

0 

02+ 

3 0 


2.00E21 

59500. 

-1.60 

02 

N0+ 

0 

0 

H0+ 

3 0 


2.00E21 

59500. 

-1.60 

02 

N 

0 

0 

R 

3 0 


1.0E22 

59500. 

-1.5 

02 

NO 

0 

0 

NO 

3 0 


2.0E21 

59500. 

-1.5 

02 

N2 

0 

0 

N2 

3 0 


2.0E21 

59500. 

-1.6 

02 

0 

0 

0 

0 

3 0 


1.0E22 

59500. 

-1.5 

02 

02 

0 

0 

02 

3 0 


2.00E21 

59500. 

-1.5 

NO 

N+ 

N 

0 

N+ 

3 0 


1.10E17 

75500. 

0.00 

NO 

0+ 

N 

0 

0+ 

3 0 


1.10E17 

75500. 

0.00 

NO 

N2+ 

N 

0 

N2+ 

3 0 


5.00E15 

75500. 

0.00 

NO 

02+ 

N 

0 

02+ 

3 0 


5.00E15 

75500. 

0.00 

NO 

N0+ 

N 

0 

N0+ 

3 0 


5.00E15 

75500. 

0.00 

NO 

N 

N 

0 

N 

3 0 


1.1E17 

75500. 

0.0 

NO 

NO 

N 

0 

NO 


.15 

.60255466+01 


-.11687078+02 


33 



3 0 


1.1E17 

76500. 


0.0 


NO 

N2 

N 

0 

N2 



3 0 


6.0E15 

75500. 


0.0 


NO 

0 

N 

0 

0 



3 0 


1.1E17 

76600. 


0.0 


NO 

02 

N 

0 

02 



3 0 


&.00E15 

75500. 


0.0 


NO 

0 

02 

N 




1 0 


8.4E12 

19450. 


0.0 


N2 

0 

NO 

N 




1 0 


6.4E17 

38400. 


-1.0 


0 

02+ 

02 

0+ 




1 0 


4.00E12 

18000. 


-0.09 


N2 

N+ 

N 

N2+ 




1 0 


1.00E12 

12200. 


0.50 


N2 

0+ 

0 

N2+ 




1 0 


9.10E11 

22800. 


0.36 


02 

M0+ 

NO 

02+ 




1 0 


2.30E13 

32600. 


0.41 


0 

N0+ 

02 

N+ 




1 0 


1.00E12 

77200. 


0.50 


N 

N0+ 

0 

N2+ 




1 0 


7.20E13 

35500. 


0.00 


0+ 

NO 

N+ 

02 




1 0 


1.40E05 

26600. 


1.90 


N0+ 

N 

0+ 

N2 




1 0 


3.40E13 

12800. 


-1.08 


02+ 

N 

N+ 

02 




1 0 


8.70E13 

28600. 


0.14 


02+ 

N2 

N2+ 02 




1 0 


9.90E12 

40700. 


0.00 


NQ+ 

0 

02+ N 




1 0 


7.20E12 

48600. 


0.29 


N 

N 

N+ 

E- 

N 



3 0 


2.34E11 

120000. 


0.50 


N 

N+ 

N+ 

E- 

N+ 



3 0 


2.34E11 

120000. 


0.60 


N 

0 

N0+ E- 




1 0 


&.3E12 

31900. 


0.0 


N 

N 

N2+ E- 




1 0 


2.00E13 

67600. 


0.0 


0 

0 

02+ E- 




1 0 


1.10E13 

80600. 


0.00 


N2 

E- 

N 

N 

E« 



3 0 


3.00E24 

113100. 


-1,6 


N 

E- 

N+ 

E- 

E- 



3 1 


5.08E16 

121000. 


0.00 

13.57 

0 

E- 

0+ 

E- 

E- 



3 2 


6.3SE15 

106200. 


0.00 

14.60 


9.1.2 Secondary Input File (fort.88) 

**RADIATIOH COUPLING VARIABLES^* 

T T 

04001 1000 10. 70. 

♦^CHEMICAL RATE TIKE RELAXATION VARIABLE*^ 

0.3 

♦♦PARK'S TTV EFFECTIVE TEMP MODEL^^ 

T 

0.3 30 49 

♦♦GNOFFO'S T-E COUPLING: CURVE FIT CONSTANTS FOR NEUTRALS^^ 

T 
5 


34 



1 7.6E-20 

2 2.E-20 

3 l.E-19 

9 6.E-20 

10 1.2E-20 


5.5E-24 

6.E-24 

0 . 

0 . 

1.7E-24 


-l.E-28 

0 . 

0 . 


0 . 


-2.E-29 


9.1.3 Molecular Collision Cross Section Data {mexcite.dat) 


N2+ 

28.010 

4 6 

5 4 

0 




2.000 

0.000 

2207.190 

16.136 

-0.040 

0.000 

1.93220 

2.020E-02 

4.000 

9168.400 

1902.840 

14.910 

0.000 

0.000 

1.72200 

1.800E-02 

2.000 

25461.500 

2419.840 

23.190 

-0.538 

0.000 

2.08300 

1.950E-02 

4.000 

51663.2 

907.71 

11.91 

0.016 

0. 

1.113 

0.020 

2.000 

64622.199 

2050.000 

0.000 

0.000 

0.000 

1.65000 

5.000E-02 

N 4S 

1.401E+01 

7.040E+04 4 

.OOOE+00 1 

.500E+00 0. 

.OOOE+00 




H+ 3P 1.401E+01 7,040E+04 9,000E+00 l.OOOE+00 l,000E+00 
CROSS-SECTIOMS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL *0.1 
70398. 

8.727 11.01 16.52 22.03 27.64 41,30 55.07 82.61 

2.950E-17 2.830E-17 2.380E-17 1.900E-17 1.550E-17 l.lOOE-17 0.890E-17 0.680E-17 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL *0,1 
70398. 

7.610 9.604 14.41 19.21 24.01 36.01 48.02 72.03 

2.950E-17 2.830E-17 2.380E-17 1.900E-17 1.550E-17 l.lOOE-17 0.890E-17 0.680E-17 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL *0,1 
70398. 

5.558 7.014 10.62 14.03 17.64 26.30 35.07 62.61 

2.950E-17 2.830E-17 2.380E-17 1.900E-17 1.5S0E-17 l.lOOE-17 0.890E-17 0.680E-17 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL *0.1 
70398. 

2.323 2.931 4.397 5.863 7.328 10.99 14.66 21.98 

2.950E-17 2.830E-17 2.380E-17 1.900E-17 1.550E-17 l.lOOE-17 0.890E-17 0.680E-17 

N2*^HEI 1 2 10 


0 

0 

4.761E-01 

0 

1 

3.798E-01 

0 

2 

1.226E-01 

0 

3 

2.055E-02 

0 

4 

1.914E-03 

0 

5 

9.822E-05 

1 

0 

3.255E-01 

1 

1 

3.115E-01 

1 

2 

3.358E-01 

1 

3 

2.368E-01 

1 

4 

6.236E-02 

1 

5 

7.946E-03 

1 

6 

5.163E-04 

2 

0 

1.360E-01 

2 

1 

2.245E-01 

2 

2 

2.137E-02 

2 

3 

1.851E-01 

2 

4 

2.946E-01 

2 

5 

1 . 171E-03 

2 

6 

1.972E-03 

2 

7 

1.581E-03 

3 

0 

4.526E-02 

3 

1 

1.990E-01 

3 

2 

7.974E-01 

3 

3 

1.049E-01 

3 

4 

6.274E-02 

3 

5 

2.929E-01 

3 

6 

1.738E-01 

3 

7 

3.793E-02 

3 

8 

3.685E-03 

4 

0 

1.329E-02 

4 

1 

1.032E-01 

4 

2 

1.745E-01 

4 

3 

7.195E-03 

4 

4 

1.653E-01 

4 

5 

5.808E-03 

4 

6 

2.479E-01 

4 

7 

2.230E-01 

4 

8 

6.228E-02 

4 

9 

7.238E-03 

5 

0 

3.624E-03 

5 

1 

4.14SE-02 

6 

2 

1.395E-01 

6 

3 

1.078E-01 

6 

4 

6.918E-03 

5 

5 

1.509E-01 

5 

6 

5.609E-03 

5 

7 

1.816E-01 

5 

8 

2.678E-01 

5 

9 

9.165E-02 


CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL 


1.118 1.411 2.116 2.821 3.527 5.289 7.063 10.58 

2.950E-16 2.830E-16 2.380E-16 1.900E-16 1.550E-16 l.lOOE-16 0.890E-16 0.680E-16 

0 . 


N2*^ 

1- 

1 

3 


36 










0 

0 

6.509E-01 

1 

0 3.014E-01 

2 

0 

4.537E-02 

3 

b 

2.248E-03 

4 

0 

1.452E-05 

0 

1 

2.588E-01 

1 

1 

2.226E-01 

2 

1 

4.060E-01 

3 

1 

1.056E-01 

4 

1 

6.935E-03 

5 

1 

3.986E-05 

0 

2 

7.016E-02 

1 

2 

2.860E-01 

2 

2 

5.065E-02 

3 

2 

4.137E-01 

4 

2 

1.660E-01 

5 

2 

1.340E-02 

6 

2 

5.729E-05 

7 

2 

1.13^-05 

0 

3 

1.600E-02 

1 

3 

1.324E-01 

2 

3 

2.290E-01 

3 

3 

2.101E-03 

4 

3 

3.792P-01 

5 

3 

2.205E-01 

6 

3 

2.069E-02 

7 

3 

4.930E-05 

8 

3 

3.006E-05 

0 

4 

3.297E-03 

1 

4 4.273E-02 

2 

4 

1.654E-01 

3 

4 

1.657E-01 

4 

4 

6.726E-03 

6 

4 

3.310E-01 

6 

A 

3.673E-01 

7 

4 

2.789E-02 

8 

4 

1.807E-05 

9 

4 

6.420E-05 

0 

5 

6:342E-04 

1 

6 

t.l40£-02 

2 

5 

7.113E-02 

3 

5 

1.706E-01 

4 

5 

9.290E-02 

5 

S 

2.925E-02 


6 2.830E-01 

7 

5 

3.068E-01 

8 

S 

3.419E-02 

10 

6 

1.161E-04 

0 

6 

1.165E-04 

1 

6 2.700E-03 

2 

6 

2.362E-02 

3 

6 

9.451E^02 

4 

6 

1.569E-01 

5 

6 

4.816E-02 

6 

6 

6.331E-02 

7 

6 

2.416E-01 

8 

6 

3.401E-01 

9 

6 

3.890E-02 

10 

6 

8.094E-05 

11 

6 

1.823^-04 

0 

7 

2.000E-05 

1 

7 

5.861E^04 

2 

7 

6.691E-03 

3 

7 

3.801E-02 

4 

7 

1.096E-01 

5 

7 

1.333E-01 

6 

7 

2.044E-02 

7 

7 

7.236E-02 

8 

7 

2.083E-01 

9 

7 

3.686E-01 

10 

7 

4.153E-02 

11 

7 

3.873E-04 

12 

7 

2.609E-04 

13 

7 

1.172E-05 

1 

8 

1.185E-04 

2 

8 

1.695E-03 

3 

8 

1.261E-02 

4 

8 

6.236E-02 

5 

8 

1.161E-01 

6 

8 

1.065E-01 
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7 

8 

5.93 )E-03 

8 

8 

8.468E-02 

9 

8 

1.837E-01 

10 

8 

3.933E-01 

11 

8 

4.170E-02 

12 

8 

1.08 /'E-OS 

13 

8 

3.010E-04 

14 

8 

3.005E-05 

1 

9 

2.239E-05 

2 

9 3.934E-04 

8 

9 

4.743E-04 

9 

9 

9.06SE-02 

10 

9 

1.672E-01 

11 

9 

4.149E-01 

12 

9 

3.928E-02 

13 

9 

2.361E-03 

14 

9 

3.071E-04 

15 

9 

6.400E-05 

2 

10 

8.445E-05 

3 

10 

9.639E-04 

4 

10 

6.&99E-03 

5 

10 

2.826E-02 

6 

10 

7.442E-02 

7 

10 

1.084E-01 

8 

10 

5.865E-02 

9 

10 

8.552E-04 

10 

10 

9.141E-02 

11 

10 

1.579E-01 

12 

10 

4.338E-01 

13 

10 

3.432E-02 

14 

10 

4.364E-03 

IS 

10 

2.499E-04 

16 

10 

1.171E-04 

2 

11 

1.675E-05 

3 

11 

2.324E-04 

4 

11 

1.942E-03 

6 

11 

1.043E-02 

6 

11 

3.652E-02 

7 

11 

8.051E-02 

8 

11 

9.821E-02 

9 

11 

4.075E-02 

10 

11 

3.604E-03 

11 

11 

8.818E-02 

12 

11 

1.554E-01 

13 

11 

4.496E-01 

14 

11 

2.722E-02 

15 

11 

7.165E-03 

16 

11 

1.355E-04 

17 

11 

1.867E-04 

3 

12 

S.156E-05 

4 

12 

6.207E-04 

5 

12 

3.406E-03 

6 

12 

1.496E-02 

7 

12 

4.411E-02 

8 

12 

8.319E-02 

9 

12 

8.628E-02 

10 

12 

2.710E-02 

11 

12 

7.896E-03 

12 

12 

8.205E-02 

13 

12 

1.593E-01 

14 

12 

4.615E-01 

15 

12 

1.876E-02 

16 

12 

1.068E-02 

17 

12 

2.033E-05 

18 

12 

2.587E-04 

19 

12 

2.439E-05 

3 

13 

1.044E-05 

4 

13 

1.281E-04 

5 

13 

1.007E-03 

6 

13 

5.378E-03 

7 

13 

1.991E-02 

8 

13 

5.0S3E-02 

9 

13 

8.288E-02 

10 

13 

7.393E-02 

11 

13 

1.720E-02 

12 

13 

1.238E-02 

13 

13 

7.384E-02 

14 

13 

1.697E-01 

15 

13 

4.681E-01 

16 

13 

1.018E-02 

17 

13 

1.459E-02 

18 

13 

3.550E-05 

19 

13 

3.056E-04 

4 

14 

2.877E-05 

5 

14 

2.724E-04 

6 

14 

1.741E-03 

7 

14 

7.823E-03 

8 

14 

2.495E-02 

9 

14 

S.544E-02 

10 

14 

8.018E-02 

11 

14 

6.208E-02 

12 

14 

1.034E-02 

13 

14 

1.651E-02 

14 

14 

6.418E-02 

15 

14 

1.866E-01 

16 

14 

4.676E-01 

17 

14 

3.207E-03 

18 

14 

1.831E-02 

19 

14 

3.955E-04 

5 

15 6.737E-05 

CROSS-SECTINS MEASURED BY CRAKDALL 

ET 

AL 







3.17 

4.00 


5 

.0 6 

.0 


8.0 

10. 

15. 



20. 
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N2+ 

DX 

1 

4 
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0 

4 

1.579E-04 

0 

5 

6.941E-04 

0 

6 2.501E-03 

0 

7 7.498E-03 

0 

8 1.888E-02 

0 

9 

4.020E-02 

0 

10 

1.119E-01 

0 

11 1.469E-01 

0 

12 1.642E-01 

0 

13 1.556E-01 

0 

14 

8.237E-02 

0 

15 

4.467E-02 

0 

16 6.454E-03 

0 

17 1.574E-03 

1 

3 2.379E-04 

1 

4 

1 . 105E-03 

1 

S 

4.051E-03 

1 

6 1.193E-02 

1 

7 2.838E-02 

1 

8 5.433E-02 

1 

9 

8.246E-02 

1 

10 

7.993E-02 

1 

11 3.886E-02 

1 

12 3.776E-03 

1 

13 9.78SE-03 

1 

14 

1.231E-01 

1 

15 

1.498E-01 

1 

16 7.868E-02 

1 

17 3.522E-02 

1 

18 2.220E-03 

2 

2 

2.055E-04 

2 

3 

1.061E-03 

2 

4 4.119E-03 

2 

5 1.243E-02 

2 

6 2.937E-02 

2 

7 

5.383E-02 

2 

8 

7.418E-02 

2 

9 7.166E-02 

2 

10 5.664E-03 

2 

11 6.219E-03 

2 

12 

4.435E-02 

2 

13 

7.148E-02 

2 

14 5.S78E-03 

2 

IS 1.365E-02 

2 

16 1.467E-01 

2 

17 

1.458E-01 

2 

18 

3.852E-02 

2 

19 1.260E-03 

3 

1 l,266E-04 

3 

2 7.873E-04 

3 

3 

3.383E-03 

3 

4 

1.083E-02 

3 

5 2.642E-02 

3 

6 4.873E-02 

3 

7 6.544E-02 

3 

8 

S.822E-02 

3 

9 

2.601E-02 

3 

10 1.461E-02 

3 

11 4.747E-02 

3 

12 4.5S8E-02 

3 

13 

9.981E-03 

3 

14 

4.763E-02 

3 

15 6.338E-02 

3 

16 3.506E-03 

3 

17 7.154E-02 

3 

18 

1.543E-01 

3 

19 

2.868E-02 

3 

20 2.104E-04 

4 

1 4.776E-04 

4 

2 2.441E-03 

4 

3 

8.604E-03 

4 

4 

2.231E-02 

4 

5 4.286E-02 

4 

6 S.903E-02 

4 

7 5.284E-02 

4 

8 

2.278E-02 

4 

9 

3.107E-04 

4 

10 4.162E-02 

4 

11 3.102E-02 

4 

12 2.057E-03 

4 

13 

1.384E-02 

4 

14 

2.859E-02 

4 

16 6.297E-02 

4 

17 2.450E-02 

4 

18 8.839E-02 

4 

19 

1.494E-01 

4 

20 

1.189E-02 

5 

0 2.140E-04 

5 

1 1.563E-03 

5 

2 6.463E-03 

5 

3 

1.834E-02 

5 

4 

3.7S6E-02 

5 

5 5.462E-02 

5 

6 5.18SE-02 

5 

7 2.462E-02 

5 

8 

8.863E-04 

5 

9 

1.169E-02 

5 

10 2.555E-02 

5 

11 9.S33E-04 

5 

12 1.462E-02 

5 

13 

3.6S1E-02 

5 

14 

1.906E-03 

5 

15 3.396E-02 

5 

16 8.541E-04 

5 

17 2.805E-02 

5 

18 

1.584E-02 

5 

19 

1.384E-01 

5 

20 1.102E-01 

5 

21 1.694E-03 

6 

0 8.007E-04 

6 

1 

4.533E-03 

6 

2 

1.487E-02 

6 

3 3.31SE-02 

6 

4 S.168E-02 

6 

5 5.310E-02 

6 

6 

2.909E-02 

6 

7 

2.669E-03 

6 

8 7.266E-03 

6 

9 2.986E-02 

6 

10 1.364E-03 

6 

11 

1.171E-02 

6 

12 

3.032E-02 

6 

13 1.091E-02 

6 

14 2.913E-02 

6 

IS 2.045E-02 

6 

16 

2.96SE-02 

6 

17 

3. 0968-02 

6 

18 3.761E-02 

6 

19 1.29SE-03 

6 20 2.057E-01 

6 

21 

4.502E-02 

7 

0 

2.732E-03 

7 

1 1.163E-02 

7 

2 2.957E-02 

7 

3 4.991E-02 

7 

4 

S.571E-02 

7 

5 

3.501E-02 

7 

6 S.910E-03 

7 

7 3.S08E-03 

7 

8 2.451E-02 

7 

9 

2.438E-02 

7 

10 

7.875E-03 

7 

11 2.579E-02 

7 

12 1.041E-02 

7 

13 1.982E-03 

7 

14 

1.547E-02 

7 

15 

6.758E-04 

1 

16 1.859E-02 

7 

17 8.836E-04 

7 

18 2.156E-02 

7 

19 

5.653E-02 

7 

20 

2,086E-02 

7 

21 2.030E-01 

7 

22 6.649E-03 

8 

0 2.272E-02 

8 

1 

4.752E-02 

8 

2 

6^504E-02 

8 

3 4.986E-02 

8 

4 1.606E-02 

8 

6 1.5518-02 

8 

7 

2.468E-02 

8 

8 7.102E-03 

8 

9 2.077E-03 

8 

10 1.226E-02 

8 

11 1.357E-04 

8 

12 

1.S09E-02 

8 

13 

1.338E-02 

8 

14 1.572E-02 

8 

15 1.224E-02 

8 

16 1.958E-02 

8 

17 

8.542E-03 

8 

18 

2:5llE-02 

8 

19 2.164E-02 

8 

20 5.973E-03 

8 21 S.069E-03 

8 

22 

2.433E-01 

8 

23 

1.599E-02 

9 

0 5.25SE-02 

9 

1 6.827E-02 

9 

2 6.214E-02 

9 

3 

2.240E-02 

9 

4 

1.873E-04 

9 

5 1.256E-02 

9 

6 2f4S0E-02 

9 

7 9.697E-03 

9 

8 

6.955E-04 

9 

9 

1.S24E-02 

9 

11 l,l67E-02 

9 

12 i.326£-02 

9 

14 1.16SE-02 

9 

15 

2.491E-04 

9 

16 

7.723E-03 

9 

17 3.467E-03 

9 

18 1.668E-03 

9 

19 1.614E-02 

9 

20 

3.486E-02 

9 

21 

6.754E-02 

9 

22 6.642E-02 

9 

23 1.387E-01 

9 24 1.769E-04 
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10 

0 

1.015E-01 

10 

1 

6.956E-02 

10 

2 

3.610E-02 

10 

3 

9.781E-04 

10 

4 

9.260E-03 

10 

5 

2.566E-02 

10 

6 

1.193E-02 

10 

6 

1.277E-02 

10 

9 

1.389E-02 

10 

10 

8.671E-03 

10 

11 

1.308E-02 

10 

12 

4.079E-04 

10 

13 

9.081E-03 

10 

15 

1.218E-02 

10 

16 

1.937E-'03 

10 

17 

1.562E-02 

10 

18 

1.041E-02 

10 

19 

2.07BE-03 

10 

20 

2.1S0E-04 

10 

21 

5.829E-03 

10 

22 

3.749E-02 

10 

23 

2.378E-01 

10 

24 

2.930E-03 

11 

0 

2.010E-01 

11 

1 

4.128E-03 

11 

2 

9.081E-04 

11 

3 

3.431E-02 

11 

4 

1.479E-02 

11 

5 

1.310E-03 

11 

6 

1.013E-02 

11 

7 

1.366E-02 

11 

8 

2.956E-03 

11 

9 

4.710E-03 

11 

10 

2.317E-03 

11 

11 

4.536E-03 

11 

12 

1.066E-02 

11 

13 

6.973E-04 

11 

14 

8.468E-03 

11 

15 

1.368E-04 

11 

16 

3.669E-03 

11 

17 

4.138E-03 

11 

19 

2.462E-03 

11 

20 

7.770E-03 

11 

21 

1.372E-02 

11 

22 

2.433E-02 

11 

23 

6.579E-02 

11 

24 

1.756E-01 

12 

0 

1.293E-01 

12 

1 

8.939E-02 

12 

2 

5.961E-03 

12 

3 

1.924E-02 

12 

4 

1.544E-02 

12 

5 

7.623E-03 

12 

6 

1.198E-02 

12 

7 

4.165E-03 

12 

8 

7.042E-03 

12 

9 

7.446E-03 

12 

10 

7.621E-03 

12 

11 

3.516E-03 

12 

12 

3.584E-03 

12 

13 

7.830E-03 

12 

14 

6.465E-03 

12 

15 

5.513E-03 

12 

16 

9.053E-03 

12 

17 

8.782E-04 

12 

18 

5.483E-03 

12 

19 

9.831E-03 

12 

20 

1.299E-02 

12 

21 

1.678E-02 

12 

22 

2.334E-02 


CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR B-X OF CRANDALL ET AL 
6.405 8.083 12.12 16.17 20.21 30.31 40.42 60.62 
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0 

0 

9.858E-02 

0 

1 

0 

1 

u 

o 

o 

CM 

0 

2 

2.274E-01 

0 

3 

1.897E-01 

0 

4 

1.304E-01 

0 

5 

7.827E-02 

0 

6 

4.202E-02 

0 

7 

2.023E-02 

0 

8 

8.S37E-03 

0 

9 

2.978E-03 

1 

0 

2.331E-01 

1 

1 

1.645E-01 

1 

2 

2.267E-02 

1 

3 

1.090E-02 

1 

4 

7.699E-02 

1 

5 

1.276E-01 

1 

6 

1.324E-01 

1 

7 

1.054E-01 

1 

8 

6.863E-02 

1 

9 

3.678E-02 

1 

10 

4.559E-03 

1 

11 

6.144E-04 

1 

13 

1.7B7E-04 

2 

0 

2.739E-01 

2 

1 

1.263E-02 

2 

2 

6.140E-02 

2 

3 

1.150E-01 

2 

4 

4.835E-02 

2 

5 

3.454E-04 

2 

6 

2.816E-02 

2 

7 

8.558E-02 

2 

8 

1.196E-01 

2 

9 

1.136E-01 

2 

10 

4.217E-02 

2 

11 

1.476E-02 

2 

12 

2.383E-03 

2 

14 

7.023E-04 

2 

15 

2.225E-04 

3 

0 

2.110E-01 

3 

1 

4.466E-02 

3 

2 

1.213E-01 

3 

3 

9.749E-03 

3 

4 

3.071E-02 

3 

5 

8.135E-02 

3 

6 

4.921E-02 

3 

7 

3.362E-03 

3 

8 

1.564E-02 

3 

9 

7.232E-02 

3 

10 

1.179E-01 

3 

11 

7.927E-02 

3 

12 

3.386E-02 

3 

13 

6.730E-03 

3 

14 

1.545E-03 

3 

15 

1.969E-03 

3 

17 

2.360E-04 

4 

0 

1.176E-01 

4 

1 

1.690E-01 

4 

2 

1.948E-02 

4 

3 

B.468E-02 

4 

4 

7.808E-02 

4 

5 

6.532E-03 

4 

6 

2.003E-02 

4 

7 

6.987E-02 

4 

8 

3.954E-02 

4 

9 

2.300E-03 

4 

10 

8.239E-02 

4 

11 

1.290E-01 

4 

12 

1.155E-01 

4 

13 

6.142E-02 

4 

14 

0 

1 

4 

15 

2.870E-03 

4 

16 

1.669E-03 

4 

17 

4.403E-04 

4 

18 

1.643E-04 

4 

19 

1.416E-04 

5 

0 

4.856E-02 

5 

1 

2.020E-01 

5 

2 

3.091E-02 

5 

3 

9.172E-02 

5 

4 

1.427E-04 

5 

5 

5.362E-02 

5 

6 

5.327E-02 

5 

7 

3.333E-03 

5 

8 

1.674E-02 

5 

9 

4.537E-02 

5 

11 

3.722E-02 

5 

12 

1.109E-01 

5 

13 

1.385E-01 

5 

14 

2.914E-02 

S 

15 

8.684E-04 

5 

16 

8.187E-03 

5 

18 

1.376E-03 

6 

0 

1.438E-02 

6 

1 

1.359E-01 

6 

2 

1.596E-01 

6 

3 

S.523E-03 

6 

4 

6.783E-02 

6 

5 

3.898E-02 

6 

6 

3.357E-03 

6 

7 

4.840E-02 

6 

8 

3.482E-02 

6 

9 

6.546E-04 

6 

10 

3.239E-02 

6 

11 

8.087E-03 

6 

12 

8.612E-03 

6 

13 

7.689E-02 

6 

14 

1.222E-01 

6 

15 

4.813E-02 

6 

16 

B.028E-03 

6 

17 

6.864E-03 

6 

18 

1.326E-03 

6 

19 

9.596E-04 

7 

0 

2.712E-03 

7 

1 

5.621E-02 

7 

2 

1.997E-01 

7 

3 

6.253E-02 

7 

4 

6.351E-02 

7 

5 

1.062E-02 

7 

6 

5.970E-02 

7 

7 

1.20SE-02 

7 

8 

1.061E-02 

7 

9 

4.128E-02 

7 

10 

2.364E-04 

7 

11 

1.802E-02 

7 

12 

1.626E-02 

7 

13 

1.344E-04 

7 

14 

1.267E-01 

7 

15 

1.416E-01 

7 

16 

7.417E-03 

7 

17 

1.839E-02 

7 

18 

8.947E-04 

7 

19 

4.369E-03 

8 

0 

2.265E-04 

8 

1 

1.307E-02 

8 

2 

1.197E-01 

8 

3 

2.014E-01 

8 

4 

S.484E-03 

8 

5 

7.101E-02 

8 

6 

3.963E-03 

8 

7 

3.053E-02 

8 

8 

3.781E-02 

8 

9 

l.llOE-03 

8 

10 

3.166E-02 

8 

11 

6.858E-03 

8 

12 

3.060E-03 

8 

13 

1.345E-02 

8 

14 

2.037E-02 

8 

IS 

1.016E-01 

8 

16 

9.13Si£-02 

8 

17 

3.263E-03 

8 

18 

1.800E-02 

8 

19 

1.632E-03 

9 

2 

2.899E-03 

9 

3 

6.683E-02 

9 

4 

2.357E-01 

9 

5 

9.423E-02 

9 

6 

2.519E-02 

9 

7 

1.073E^)2 

9 

8 4.088E-02 

9 

9 

3.076E-03 

9 

10 

2.651E-02 

9 

11 

2.462E-03 

9 

12 

9.289E*03 

9 

13 

2.962E-02 

9 

14 

3.273E-04 

9 

15 

1.999E-03 

9 

16 

S.189E-02 

9 

17 

1.177E-01 

9 

19 

3.142£*02 

10 

3 

6.339E-03 

10 

4 

1.066E-01 

10 

5 

2.639E-01 

10 

6 

4.767E-02 

10 

7 

3.430E-02 

10 

9 

3.080E-Q2 

10 

10 

1.842E-03 

10 

11 

2w221E-02 

10 

12 

1.092E-02 

10 

13 9.910E-04 

10 

14 

1.444E-02 

10 

15 

1.188E-03 

10 

16 

1;529E^03 

10 

17 

1.0B9E-01 

10 

18 4.941E-02 

10 

19 

1.990E-02 

11 

2 

2.245E-04 

11 

3 

5.422EH>4 

11 

4 

7.679E-03 

11 

B 

1.488E-01 

11 

6 

2.729E-01 

11 

7 

2.125E-02 

11 

8 

2.682E-02 

11 

9 

7;S68E-03 

11 

10 

2.274E-02 

11 

11 

7.674E-04 

11 

12 

1.179E-02 

11 

13 

1.601E-02 

11 

14 9.282E-03 

11 

IS 

l,739E-02 

11 

16 

2.069k-04 

11 

17 

2.478E-02 

11 

18 

l.lSOE-01 

11 

19 

3.186E-03 

12 

4 

1.740E-03 

12 

S 

6;393EH>3 

12 

6 

8.011E-03 

12 

7 

2.178E-01 

12 

8 

2.616E-01 

12 

9 

6.698E-03 

12 l6 

2.766E-02 

12 

12 

1.370E-02 

12 

13 

1.038E-02 

12 

14 

1.144E-02 

12 

IS 

7.056B-03 

12 

16 

1.222E-02 

12 

17 

S.755E-03 

12 

18 

1.B38E-02 

12 

19 

9.S03E-02 

13 

S 

3.214E-03 

13 

6 

l.SOlE-02 

13 

7 

4.955E-03 

13 

8 

2.330E-01 

13 

9 

2.B22E-01 

IS 

10 

6.57SE-04 

i3 

11 

3.209E-02 

13 

12 

6.402E-04 

13 

13 

7.041E-03 

13 

14 

2.754E-04 

13 

IB 

7.066E-03 

13 

17 

1.649E-02 
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13 18 6.836E-03 IS 19 4.587E-02 14 5 6 767E-04 14 6 l«754E-03 14 7 4.791E-03 

14 8 4.9S1E-02 14 9 3.769E-04 14 10 2.299E^1 14 11 2.651E-02 14 12 2.676E-02 

14 13 3.778E-02 14 14 4.100E-04 14 16 l,029E-02 14 16 1.688E-03 14 17 1.967E-03 

14 18 1.280E-02 14 19 l.lOOE-02 16 6 9.381E-04 16 7 6.386E-03 16 8 3.030E-03 

16 9 7.132E-02 16 10 1.660E-01 16 11 2.100E-01 16 12 4.166E-02 16 13 6.199E-02 

16 14 7.912E-04 16 16 3.713E-03 16 17 6.440E-03 15 18 8.720E-04 16 19 1.629E*02 

16 6 1.202E-04 16 7 1.720E-03 16 8 3.403E-04 16 9 2.191E-02 16 10 8.807E*02 

16 11 6.016E-02 16 12 4.443E-02 16 13 1.331E-01 16 14 1.167E->01 16 16 7.36SE-02 

16 16 3.836E-03 16 17 3.492E-03 16 18 4.125E-03 17 7 6.160E-04 17 9 6,856E-03 

17 10 2.998E-02 17 11 3.679E-02 17 12 3.610E-02 17 13 1.144E-01 17 14 3.202E-02 

17 16 6.362E-02 17 16 1.268E-01 17 17 1.73SE-02 17 18 l,686E-03 17 19 2.835E-03 

18 7 1.227E-04 18 8 4.722E-04 18 9 1.124E-03 18 10 4.144E-03 18 11 3.253E-02 

18 12 3.762E'’03 18 13 8.621E-02 18 14 6.917£*02 18 16 3.329E-02 18 16 4.071E*03 

18 17 1.678E-01 18 18 5.230E-02 19 8 3.651E-04 19 10 7,526E-04 19 11 1.653E-02 

19 12 6.207E-03 19 13 3.946E-02 19 14 3.596E-02 19 15 4.942E-02 19 16 1.820E-02 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ETAL 

2.052 2.589 3.884 5.179 6.473 9.709 12.95 19.42 

2.9S0E-16 2.830E-16 2.380E-16 1.900E-16 1.550E-16 l.lOOE-16 0.890E-16 0 680E-16 

0 . 

N2+JDI 2 4 14 

0 0 2.625E-06 0 2 3.782E-04 0 3 1.989E-03 0 4 7.451E-03 0 5 2.116EH)2 

1 1 3.153E-04 1 2 2.208E-03 1 3 9.628E-03 1 4 2.820E-02 1 6 6.006E-02 

2 1 1.156E-03 2 2 6.808E-03 2 3 2.286E-02 2 4 5.4S0E-02 2 6 8.260E-02 

3 0 2.676E-04 3 1 2.992E-03 3 2 1.476E-02 3 3 4.141E-02 3 4 6.928E-02 

4 0 6.370E-04 4 1 6.138E-03 4 2 2.618E-02 4 3 5.661E-02 4 4 6.688E-02 

4 6 3.S01E-02 5 0 1.282E-03 5 1 1.063E-02 5 2 3.603E-02 6 3 6.106E-02 

5 4 4.737E-02 5 6 7.281E-03 6 0 2.267EH)3 6 1 1.617E-02 6 2 4.487E-02 

6 3 5.632E-02 6 4 2.363E-02 6 5 2.667E-04 7 0 3.621E**03 7 1 2.217E-02 

7 2 4.982E-02 7 3 4.401E-02 7 4 6.369E-03 7 5 9.586E-03 8 0 S.322E-03 

8 1 2.793E-02 8 2 6.016E-02 8 3 2.876E-02 8 4 5.422E-02 8 5 2.267E-02 

9 0 7.306E-03 9 1 3.282E-02 9 2 4.629E-02 9 3 1.493E-03 9 4 3.046E-03 

9 5 2.972E-02 10 0 9.470E-03 10 1 3.634E-02 10 2 3.939E-02 10 3 5.296E-03 

10 4 1.062E-02 10 6 2.806E-02 11 0 1.169E-02 11 1 3.827E-02 11 2 3.098E-02 

11 3 6.49SE-04 11 4 1.808E-02 11 5 2.041E-02 0 1 4.663E-0S 1 0 2.100E-05 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ETAL 

5.287 6.673 10.01 13.35 16.68 25.02 33.36 50.04 

2.950E-16 2.830E-16 2.380E-16 1.900E-16 1.650E-16 l.lOOE-16 0.890E-16 0.680E-16 


N2+JDI 3 4 43 


0 

7 

1.400E-04 

0 

8 

6.043E-04 

0 

9 7.837E-03 

0 

10 2.271E-02 

0 

11 

5.641E-02 

0 

12 

1.799E-01 

0 

13 

2.263E-01 

0 

14 1.314E-01 

0 

16 4.670E-02 

1 

6 

2.347E-04 

1 

7 

9.487E-04 

1 

8 

3.397E-03 

1 

9 2.7S9E-02 

1 

10 6.842E-02 

1 

11 

9.454E-02 

1 

12 

6.349E-02 

1 

13 

4.704E-03 

1 

14 1.817E-01 

1 

15 2.640E-01 

1 

16 

1.953E-02 

1 

17 

4.728E-04 

2 

6 

2.643E-04 

2 

6 1.016E-03 

2 

7 3.468E-03 

2 

8 

1.021E-02 

2 

9 

S.059E-02 

2 

10 

7.633E-02 

2 

11 7.295E-02 

2 

13 4.086E-02 

2 

14 

1.873E-02 

2 

15 

4.644E-02 

2 

16 

2.376E-01 

2 

17 1.340E-03 

2 

18 1.174E-03 

3 

4 

2.611E-04 

3 

5 

9.672E-04 

3 

6 

3.164E-03 

3 

7 8.963E-03 

3 

8 2460EH)2 

3 

9 

6.202E-02 

3 

10 

6.959E-02 

3 

11 

2.642E-02 

3 

12 2.943E-02 

3 

13 6.398E-02 

3 

14 

2.494E-02 

3 

16 

7.028E-02 

3 

16 

2.159E-01 

3 

17 4.280Er02 

3 

18 6.927E-03 

3 

19 

1.089E-03 

4 

3 

2.491E-04 

4 

4 

9.037E-04 

4 

S 2.846Et93 

4 

6 7.804E-03 

4 

7 

1.832E-02 

4 

8 

3.544EH)2 

4 

9 

5.343E-02 

4 

10 2.664E-02 

4 

11 5.688E-04 

4 

12 

4.220E-O2 

4 

13 

1.237E-02 

4 

14 

4.767E-02 

4 

IS 2.S7SE-03 

4 

16 1.230E-02 

4 

17 

3.780E*01 

4 

18 

3.457E-02 

4 

19 

2.702E-04 

6 

2 2.367E-04 

5 

3 8.676E-04 

6 

4 

2^671E*03 

5 

5 

7.086E-03 

6 

6 

1.615E-02 

5 

7 3.080E-02 

6 

8 4.649E-02 

5 

9 

2.979E**02 

5 

10 

3.001E-03 

6 

11 

8.679Et03 

6 

12 1.J76E-02 

6 

13 1.744£^03 

5 

14 

1.063E-02 

6 

15 

1.880E-02 

6 

16 

1.431E-02 

6 

17 1.539E^1 

6 

18 4.112£-^1 

6 

19 

3.821E1-02 

6 

1 

2.178E-04 

6 

2 

8.595E-04 

6 

3 2.6S4E-03 

6 

4 6.865E^3 

6 

6 

1.51E£-K)2 

6 

6 

2.822E-02 

6 

7 

4.2&tfe-02 

6 

8 4.771E-02 

6 

9 6.868EH)3 

6 

10 

2.823E^3 

6 

11 

2.488E-02 

6 

12 

1.64^-04 

6 

13 1.976Et02 

6 

14 2.658E-03 

6 

16 3.^42E^02 

6 

16 

3.699E-02 

6 

17 

1.765E-02 

6 

18 1.712E-01 

7 

0 1.727E-04 

7 

1 

8.435E-04 

7 

2 

2.766E-03 

7 

3 

7,lllE-03 

7 

4 1.526E-02 

7 

6 2.764E*K)2 

7 

6 

4.079E-02 

7 

7 

4.643E-02 

7 

8 

3.489E-02 

7 

9 3.820E-04 

7 

10 1.706£*02 

7 

11 

2.399E-02 

7 

12 

8.803E-03 

7 

13 

2.183E-02 

7 

14 1.994E-02 

7 

16 6.926E-03 

7 

16 

7.100E-03 

7 

17 

9.S88E-04 

7 

18 

6.941E-03 

7 

19 3.421E-01 

8 

0 2.867E-03 

8 

1 

8.360E«^3 

8 

2 

1.825E-02 

8 

3 

3.094E-02 

8 

4 4.274E-02 

8 

5 4.639E-02 

8 

6 

3.S93E-02 
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8 

7 

1.472E-02 

8 

8 

3.228E-04 

8 

9 

2.106E-02 

8 

10 

1.145E-02 

8 

11 1.462E-04 

8 

12 

1.049E-02 

8 

13 

1.107E-03 

8 

14 

9.045E-04 

8 

15 

1.486E-02 

8 

16 1.706E-02 

8 

17 

1.621E-02 

8 

18 

1.177E-02 

8 

19 

7.529E-03 

9 

0 

9.386E-03 

9 

1 2.003E-02 

9 

2 

3.486E-02 

9 

3 

4.671E-02 

9 

4 

4.740E-02 

9 

5 

3.498E-02 

9 

6 1.414E-02 

9 

7 

4.308E-04 

9 

8 

6.384E-03 

9 

9 

1.362E-02 

9 

10 

2.217E-04 

9 

11 9.246E-03 

9 

12 

1.145E-04 

9 

13 

1.121E-02 

9 

14 

5.186E-03 

9 

15 

9.625E-03 

9 

16 7.202E-03 

9 

17 

3.854E-04 

9 

18 

1.447E-02 

9 

19 

1.089E-02 

10 

0 

2.588E-02 

10 

1 3.808E-02 

10 

2 

5.164E-02 

10 

3 

4.874E-02 

10 

4 

3.393E-02 

10 

5 

l,229E-02 

10 

6 2.351E-04 

10 

7 

6.373E-03 

10 

8 

1.858E-02 

10 

9 

1.047E-03 

10 

10 

5.866E-03 

10 

11 1.372E-02 

10 

12 

5.994E-03 

10 

13 

9.979E-03 

10 

14 

1.182E-02 

10 

16 

4.727E-04 

10 

17 7.276E-03 

10 

18 

7.282E-04 

10 

19 

1.407E-02 

11 

0 

1.113E-01 

11 

1 

5.352E-02 

11 

2 3.960E-02 

11 

3 

7.436E-03 

11 

5 

9.672E-03 

11 

6 

1.900E-02 

11 

7 

1.508E-02 

11 

8 1.939E-03 

11 

9 

1.243E-02 

11 

10 

5.944E-03 

11 

11 

6.697E-04 

11 

12 

2.967E-03 

11 

13 3.581E-03 

11 

14 

8.869E-04 

11 

15 

8.174E-03 

11 

16 

6.102E-03 

11 

17 

S.154E-04 

11 

18 8.523E-03 

12 

0 

1.993E-01 

12 

1 

1.168E-03 

12 

2 

4.138E-04 

12 

3 

2.162E-02 

12 

4 1.619E-02 

12 

5 

1.654E-02 

12 

6 

6.967E-04 

12 

7 

2.334E-03 

12 

8 

1.279E-02 

12 

10 6.565E-03 

12 

11 

6.843E-03 

12 

12 

6.989E-03 

12 

13 

2.334E-03 

12 

14 

4.345E-03 

12 

15 2.758E-03 


CROSS-SECTIONS ASSUMEDTO BE THE SAME AS FOR X-B OF CRANDALL ET AL 


3.235 

4.083 

6.125 

8.166 

10.21 15.31 

20.42 

30.62 

2.950E-16 

2.830E-16 

2.380E-16 

1.900E-16 

1.550E-16 l.lOOE-16 

0.890E-16 

0.680E-16 

0. 

N2 

28.010 

4 6 

5 4 




1.0 

0. 

2358.027 

14.1351 ■ 

-1.751E-02-1.144E-04 

1.9980 

1.772E-02 

3.0 

49754.8 

1460.518 

13.8313 

5.999E-03 1.853E-03 

1.45455 

1.801E-02 

6.0 

59306.8 

1733.391 

14.1221 -5.688E-02-3.612E-03 

1.6374 

1.791E-02 

2.0 

68951.2 

1694.208 

13.9491 

7.935E-03-2.911E-04 

1.61688 

1.793E-02 

6.0 

88977.9 

2047.178 

28.4450 

2.08833 0.5350 

1.82473 

1.868E-02 

N 4S 

1.401E+01 

7.872E+04 

4.00054-00 

1.500E4-00 O.00OE4-O0 



N 4S 

1.401E+01 

7.872E+04 

4.000E+00 

1.500E+00 O.OOOE+00 




CROSS-SECTIONS ASSUMED SAME AS FOR K2 1-3 OF CARTWRIGHT ET AL 
78734. 

9.7594 10.618 13.27 15.93 19.91 26.55 34.51 47.78 

0. 0.054E-16 0.225E-16 0.299E-16 0.241E-16 0.1S6E-16 0.120E-16 0.076E-16 

CROSS-SECTIONS ASSUMED SAME AS FOR H2 1-3 OF CARTWRIGHT ET AL 
78734. 

3.591 3.907 4.884 5.860 7. 325 9.767 12.70 17.58 

0. 0.054E-16 0.225E-16 0.299E-16 0.241E-16 0.156E-16 0,120E-16 0.076E-16 

CROSS-SECTIONS ASSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET AL 
107559. 

5.981 6.506 8.134 9.762 12.20 16.27 21.15 29.28 

0. 0.054E-16 0.225E-16 0.299E-16 0.241E-16 0.156E-16 0.120E-16 0.076E-16 

CROSS-SECTIONS ASSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET AL 
126787. 

7.169 7.802 9.750 11.70 14.62 19.50 25.35 35.10 

0. 0.054E-16 0.22SE-16 0.299E-16 0.241E-16 0.156E-16 0.120E-16 0.076E-16 


N2 

VK 

1 

2 


72 








0 

0 

5.900E-04 

0 

1 

5.337E-03 

0 

2 2.286E-02 

0 

3 6.167E-02 

0 

4 

1.176E-01 

0 

5 

1.688E-01 

0 

6 

1.894E-01 

0 

7 1.704E-02 

0 

8 1.250E-01 

0 

9 

7.578E-02 

0 

10 

3.828E-02 

0 

11 

1.621E-02 

0 

12 S.780E-03 

0 

IS 1.738E-03 

0 

14 4^411E-04 

1 

0 

3.319E-03 

1 

1 

2.278E-02 

1 

2 6.919E-02 

1 

3 1.193E-01 

1 

4 

1.216E-01 

1 

5 6.383E-02 

1 

6 6.2S6E-03 

1 

7 1.395£*^2 

1 

8 7.866Er02 

1 

9 

1.370E-01 

1 

10 

1.4S0E-01 

1 

11 

l.lOOE-pi 

1 

12 6.404E-02 

1 

13,2.963E-02 

1 

14 

i.llOE-02 

2 

0 

9.975E-03 

2 

1 

5.085E-02 

2 

2 1.035E-01 

2 

3 9«732£-02 

2 

4 

2.922E-02 

2 

5 

2.161E-03 

2 

6 

5.473E-02 

2 

7 8.924E-02 

2 

8 4.616E-02 

2 

9 

8.840E-04 

2 

10 

2.955E-02 

2 

11 

l.OOlE-01 

2 

12 1.378E-01 

2 

13 1.196E-01 

2 

14 

7.472E-02 

3 

0 

2.133E-02 

3 

1 

7^850£r02 

3 

2 9^768E^2 

3 

3 3.326E-02 

3 

4 

2,539E-r03 

3 

5 

5.617E-02 

3 

6 

6.391E-02 

3 

7 B.564E-03 

3 

8 i.697E-02 

3 

9 

7.318E-02 

3 

10 

6.181E-02 

3 

11 

7.600E-03 

3 

12 1.520E-02 

3 

13 8.383E-02 

3 

14 

1.315E-01 

4 

0 

3.642E-02 

4 

1 

9.328E-02 

4 

2 S.998E-P2 

4 

3 3.714E*04 

4 

4 

4,107£-02 

4 

5 

5.758E-02 

4 

6 

4.$25E-03 

4 

7 2.554£^2 

4 

8 6.331E-02 

4 

9 

1.916E-02 

4 

10 

7.127E-03 

4 

11 

6.276E-02 

4 

12 6.314£;-02 

4 

13 9.383E-03 

4 

14 

1.379E-02 

5 

0 

5.290E-02 

5 

1 

8.962E-02 

5 

2 2.011E-02 

5 

3 i.465E-02 

5 

4 

5.868En02 

5 

5 

1.223E-02 

5 

6 

1.688E-02 

5 

7 5.462£r02 

5 

8 1.065E-02 

5 

9 

1.643E-02 

5 

10 

5.871E-02 

5 

11 

2.016E-02 

5 

12 6.585E-03 

5 

13 6.143E-02 

5 

14 

5.832E-02 

6 

0 

6.799E-02 

6 

1 

7.082E-02 

6 

2 8.381E-04 

6 

3 4.233E-02 

6 

4 

3.400E-02 


39 



6 

5 

2.630E-03 

6 

6 

4.768E-02 

6 

7 

1.641E-02 

6 

8 

1.163E-02 

6 

9 

5.008E-02 

6 

10 

9.734E-03 

6 

11 

1.729E-02 

6 

12 

5.579E-02 

6 

13 

1.457E-02 

6 

14 

1.131E-02 

7 

0 

7.939E-02 

7 

1 

4.539E-02 

7 

2 

5.264E-03 

7 

3 

S.154E-02 

7 

4 

5.402E-03 

7 

5 

2.805E-02 

7 

6 

3.237E-02 

7 

7 

1.710E-03 

7 

8 

4.308E-02 

7 

9 

1.308E-02 

7 

10 

1.409E-02 

7 

11 

4.635E-02 

7 

12 

4.78SE-02 

7 

13 

2.447E-02 

7 

14 

5.170E-02 

8 

0 

8.588E-02 

8 

1 

2.20SE-02 

8 

2 

2.231E'02 

8 

3 

3.803E-02 

8 

4 

1.933E-03 

8 

5 

4.203E->02 

8 

6 

4.185E-03 

8 

7 

2.701E-02 

8 

8 

2.572E-02 

8 

9 

4.073E-03 

8 

10 

4.148E-02 

8 

11 

6.297E-03 

8 

12 

2.185E-02 

8 

13 

4.002E-02 

8 

14 

3.600E-04 

9 

0 

8.730E-02 

9 

1 

6.435E-03 

9 

2 

3.838E-02 

9 

3 

1.651E-02 

9 

4 

1.815E-02 

9 

5 

2.890E-02 

9 

6 

3.763E-03 

9 

7 

3.696E-02 

9 

8 

8.855E-04 

9 

9 

3.109E-02 

9 

10 

1.692E-02 

9 

11 

1.083EH)2 

9 

12 

3.765E-02 

9 

13 

6.326E-04 

9 

14 

3.284E-02 

10 

0 

8.434E-02 

10 

1 

2.053E-04 

10 

2 

4.527E-02 

10 

3 

2.254E-03 

10 

4 

3.349E-02 

10 

5 

8.054E-03 

10 

6 

2.242E-02 

10 

7 

1.837E-02 

10 

8 

9.744E-03 

10 

9 

3.026E-02 

10 

10 

5.291E-04 

10 

11 

3.475E-02 

10 

12 

5.380E-03 

10 

13 

2.218E-02 

10 

14 

2.757E-02 

11 

0 

7.812E-02 

11 

1 

2.015E-03 

11 

2 

4.180E-02 

11 

3 

9.890E-04 

11 

4 

3.530E-02 

11 

5 

1.684E-05 

11 

6 

3.257E-02 

11 

7 

1.243E-03 

11 

8 

2.835E-02 

11 

9 

7.166E-02 

11 

10 

1.963E-02 

11 

11 

1.892E-02 

11 

12 

7.224E-03 

11 

13 

3.197E-02 

11 

14 

5.829E-06 

12 

0 

6.988E-02 

12 

1 

9.015E-03 

12 

2 

3.141E-02 

12 

3 

9.423E-03 

12 

4 

2.493E-02 

12 

5 

7.426E-03 

12 

6 

2.478E-02 

12 

7 

4.205E-03 

12 

8 

2.719E-02 

12 

9 

9.855E-04 

12 

10 

2.962E-02 

12 

11 

2.597E>04 

12 

12 

2.853E-02 

12 

13 

S.872E-03 

12 

14 

2.016E-02 

13 

0 

6.071E-02 

13 

1 

1.817E-02 

13 

2 

1.899E-02 

13 

3 

2.061E-02 

13 

4 

1.116E>02 

13 

5 

2.003E-02 

13 

6 

9.630E-03 

13 

7 

1.809E-02 

13 

8 

1.114E-02 

13 

9 

1.477E-02 

13 

10 

1.S19E-02 

13 

11 

9.782E-03 

13 

12 

2.1S2E-02 

13 

13 

3.791E-03 

13 

14 

2.831E-04 

14 

0 

S.149E-02 

14 

1 

2.707E-02 

14 

2 

8.494E-03 

14 

3 

2.870E-02 

14 

4 

1.925E-03 

14 

5 

2.732E-02 

14 

6 

5.698E-04 

14 

7 

2.605E-02 

14 

8 

4.334E-04 

14 

9 

2.527E-02 

14 

10 

9.608E-04 

14 

11 

2.437E-02 

14 

12 

2.827E-03 

14 

13 

2.209E-02 

14 

14 

7.438E-03 

15 

0 

4.280E-02 

15 

1 

3.418E-02 

15 

2 

2.038E-03 

15 

3 

3.106E-02 

IS 

4 

2.871E-04 

IS 

5 

2.560E-02 

15 

6 

2.212E-03 

15 

7 

2.191E-02 

15 

8 

3.623E-03 

15 

9 

2.041E-02 

15 

10 

3.825E-03 

15 

11 

2.086E-02 

15 

12 

2.852E-03 

15 

13 

2.288E-02 

15 

14 

1.148E-03 

2 

15 

3.S67E-02 

2 

16 

1.342E-02 

2 

17 

4.046E-03 

3 

15 

1.197E-01 

3 

16 

7.543E-02 

3 

17 

3.543E-02 

3 

18 

1.287E-02 

3 

19 

3.690E-03 

4 

15 

8.294E-02 

4 

16 

1.299E-01 

4 

17 

1.152E-01 

4 

18 

6.961E-02 

4 

19 

3.095E-02 

5 

15 

5.905E-03 

5 

16 

1.982E-02 

5 

17 

9.210E-02 

5 

18 

1.304E-01 

5 

19 

1.066E-01 

6 

15 

6.531E-02 

6 

16 

4.826E-02 

6 

17 

1.141E-03 

6 

18 

3.366E-02 

6 

19 

1.068E-01 

6 

20 

1.289E-01 

5 

20 

5.938E-02 

6 

21 

9.341E-02 

6 

22 

4.662E-02 

6 

23 

1.704E-02 

6 

24 

4.706E-03 

7 

20 

5.591E-02 

7 

15 

6.143E-03 

7 

16 

2.227E-02 

7 

17 

6.887E-02 

7 

18 

3.476E-02 

7 

21 

1.216E-01 

7 

22 

1.217E-01 

7 

23 

7.625E-02 

7 

24 

3.334E-02 

7 

25 

1.070E-02 

8 

IS 

3.610E-03 

8 

16 

4.227E-02 

8 

18 

3.936E-02 

8 

19 

6.667EH)2 

8 

20 

1.463E-02 

8 

21 

1.114E-02 

8 

22 

8.420E-02 

8 

23 

1.30SE-01 

8 

24 

1.069E-01 

8 

25 

5.701E-02 

8 

26 

2.147E-02 

9 

15 

2.810E-02 

9 

16 

2.261E-03 

9 

17 

4.748E-02 

9 

18 

2.603E^2 

9 

19 

3.787E-03 

9 

20 

5.775E-02 

9 

21 

5.110E-02 

9 

22 

1.516E-03 

9 

23 

3.563E-02 

9 

24 

1.120E-01 

9 

25 

1.284E-01 

9 

26 

8.575E-02 

9 

27 

3.81SE-02 

10 

15 

1.944E-03 

10 

16 

4.137E-02 

10 

17 

1.221E-02 

10 

18 

1.464E-02 

10 

19 

5.044E-02 

10 

21 

2.086E-02 

10 

22 

6.749E-02 

10 23 

2.717E-02 

10 

25 

7.141E-02 

10 

26 

1.302E-01 

10 

27 

1.136E-01 

11 

IS 

3.333E-02 

11 

16 

1.235E-02 

11 

17 

1.382E-02 

11 

18 

3.941EH)2 

11 

20 

3.440E-02 

11 

21 

3.862E-02 

11 

23 

4.661E-02 

11 

24 

5.915E-02 

11 

26 

2.730E-02 

11 

27 

1.082E-01 

12 

15, 

1.998E-02 

12 

16 

6.000E-03 

12 

17 

3.S26E-02 

12 

19 

3.137E-02 

12 

20 

2.308E*^2 

12 

22 

4.881E-02 

12 

23 

1.619E>02 

12 

24 

1.223E-02 

12 

25 

6.568E-02 

12 

26 

3.347E-02 

13 

16 

3.060E-02 

13 

18 

2.180E-02 

13 

19 

2.293E-02 

13 

21 

4.054E'*02 

13 

23 

2.521E*02 

13 

24 

4.374E-02 

13 

26 

4.106E-02 

13 

27 

6.174E-02 

14 

15 

1.686E*02 

14 

16 

1.609E*02 

14 

18 

2.250E-02 

14 

20 

3.395E-02 

14 

22 

2.30SE-02 

14 

23 

3;004E-02 

14 

25 

4.613E-02 

14 

26 

2.Q15E-02 

15 

15 

2.563E-02 

15 

17 

2.719E-02 

15 

19 

2.415E-02 

15 

20 

1.140E-02 

15 

21 

1.370E-02 

IS 

22 

2.799E-02 

15 

24 

3.891E-02 

15 

26 

2.121E-02 

15 

27 

4.501E-02 

16 

21 

2.925E-02 
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0 

0 

6.117E-02 

0 

1 

1.909E-01 

0 

2 

2.753E^01 

0 

3 

2.416E^1 

- 0 

4 

1,442E-01 

0 

s 

6.185E>02 

0 

6 

1.953E-02 

0 

7 

4.55SE-03 

0 

8 

7.694E-04 

1 

0 

1.487E-01 

1 

1 

1.921E-01 

1 

2 

4.450E-02 

1 

3 

1.658E-02 

1 

4 

1.444E^1 

1 

5 

2,07;^-01 

1 

6 

1.509E-01 

1 

7 

6.917E-02 

1 

8 

2.138E-02 

1 

9 

4.492E^3 

1 

10 

6.123E^4 

2 

0 

1.999E-01 

2 

1 

6.307E-02 

2 

2 

2.44SE-02 

2 

3 

1. 2938^1 

2 

4 

4.565E-02 

2 

5 

1 . 167E-02 

2 

6 

1.814E-01 

2 

7 

1.908E-01 

2 

8 

l.i22E-01 

2 

9 

6.476E-02 

2 

10 

1.434E-02 

2 

11 

1.996E-04 

3 

0 

1.969E-01 

3 

1 

1.978E^4 

3 

2 

1.03^-01 
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3 

3 

3.337E-02 

3 

4 

3.276E-02 

3 

5 

1.086E-01 

3 

6 

2.046E-02 

3 

7 

3.142E-02 

3 

8 

1.547E-01 

3 

9 

1.769E-01 

3 

10 

1.006E-01 

3 

11 

6.368E-03 

3 

12 

6.241E-04 

4 

0 

1.585E-01 

4 

1 

3.398E-02 

4 

2 

7.628E-02 

4 

3 

9.215E-03 

4 

4 

8.940E-02 

4 

5 

4.742E-03 

4 

6 

6.269E-02 

4 

7 

8.009E-02 

4 

8 

5.373E-04 

4 

9 

7.885E-02 

4 

10 

1.807E-01 

4 

11 

6.192E-^2 

4 

12 

1.426E-02 

4 

13 

1.602E-03 

5 

0 

1.099E-01 

5 

1 

9.670E-02 

5 

2 

1.173E-02 

5 

3 

6.681E-02 

5 

4 

1.986E-02 

5 

5 

4.484E-02 

5 

6 

B.414E-02 

5 

7 

6.903E-03 

6 

8 

8.773E-02 

5 

9 

3.286E-02 

5 

10 

1.764E-02 

5 

11 

1.796E-01 

5 

12 

9.843E-02 

6 

13 

2.745E-02 

5 

14 

3.B71E-03 

6 

0 

6.681E-02 

6 

1 

1.298E-01 

6 

2 

7.634E-03 

6 

3 

6.134E-02 

6 

4 

8.044E-03 

6 

5 

6.331E-02 

6 

6 

1.317E-03 

6 

7 

6.981E-02 

6 

8 

9.108E-03 

6 

9 

4.561E-02 

6 

10 

7.154E-02 

6 

11 

8.608E-02 

6 

12 

1.876E-01 

6 

13 

1.375E-01 

6 

14 

4.692E-02 

6 

15 

2.910E-04 

7 

0 

3.542E-02 

7 

1 

1.236E-01 

7 

2 

6.025E-02 

7 

3 

1.155E-02 

7 

4 

5.031E-02 

7 

5 

8.094E-03 

7 

6 

5.130E-02 

7 

7 

1.502E-02 

7 

8 

3.624E-02 

7 

9 

4.307E-02 

7 

10 

7.110E-03 

7 

11 

1.956E-02 

7 

12 

3.391E-02 

7 

13 

1.690E-01 

7 

14 

1.718E-01 

7 

IS 

1.304E-02 

7 

16 

6.258E-04 

8 

0 

1.578E-02 

8 

1 

9.080E-02 

8 

2 

1.133E-01 

8 

3 

7.048E-03 

8 

4 

4.076E-02 

8 

5 

1.139E-02 

8 

6 

4.011E-02 

8 

7 

1.422E-02 

8 

8 

4.374E-02 

8 

9 

4.418E-03 

8 

10 

5.827E-02 

8 

11 

5.267E-02 

8 

12 

4.908E-02 

8 

13 

4.720E-03 

8 

14 

l,308E-0i 

8 

15 

1.030E-01 

8 

16 

2.201E-02 

8 

17 

1.265E-03 

9 

0 

5.388E-03 

9 

1 

5.162E-02 

9 

2 

1.249E-01 

9 

3 

6.428E-02 

9 

4 

2.636E-03 

9 

S 

3.857E-02 

9 

6 

8.992E-04 

9 

7 

5.011E-02 

9 

9 

4.652E-02 

9 

10 

3.142E-03 

9 

11 

2.077E-02 

9 

12 

2.099E-02 

9 

13 

6.614E-02 

9 

14 

1.418E-03 

9 

15 

2.013E-01 
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0 

0 

4.315E-02 

1 

0 

1.162E-01 

2 

0 

1.713E-01 

3 

0 

1.835E-01 

4 

0 

1.603E-01 

5 

0 

1.214E-01 

6 

0 

8.287E-02 

7 

0 

5.230E-02 

8 

0 

3.109E-02 

9 

0 

1.764E-02 

10 

0 

9.661E-03 

11 

0 

5.146E-03 

12 

0 

2.684E-03 

13 

0 

1.378E-03 

0 

1 

1.517E-01 

1 

1 

1.932E-01 

2 

1 

9.677E-02 

3 

1 

1.212E-02 

4 

1 

6.391E-03 

5 

1 

4.706E-02 

6 

1 

8.542E-02 

7 

1 

9.971E-02 

8 

1 

9.216E-02 

9 

1 

7.346E-02 

10 

1 

5.285E-02 

11 

1 

3.530E-02 

12 

1 

2.230E-02 

13 

1 

1.350E-02 

14 

1 

7.917E-03 

0 

2 

2.477E-01 

1 

2 

8.049E-02 

2 

2 

3.276E-03 

3 

2 

7.654E-02 

4 

2 

9.661E-02 

5 

2 

4.668E-02 

6 

2 

4.538E-03 

7 

2 

6.796E-03 

8 

2 

3.372E-02 

9 

2 

6.10SE-02 

10 

2 

7.378E-02 

11 

2 

7.163E-02 

12 

2 

6.044E-02 

13 

2 

4.625E-02 

14 

2 

3.296E-02 

0 

3 

2.492E-01 

2 

3 

1.074E-01 

3 

3 

6.931E-02 

4 

3 

5.812E-04 

5 

3 

3.392E-02 

6 

3 

7.289E-02 

7 

3 

5.658E-02 

8 

3 

1.826E-02 

9 

3 

1.314E-04 

10 

3 

9.747E-03 

11 

3 

3.200E-02 

12 

3 

5.101E-02 

13 

3 

5.954E-02 

14 

3 

6.797E-02 

0 

4 

1.731E-01 

1 

4 

8.732E-02 

2 

4 

8.598E-02 

3 

4 

3.606E-03 

4 

4 

7.744E-02 

5 

4 

5.670E-02 

6 

4 

2.795E-03 

7 

4 

1.717E-02 

8 

4 

5.340E-02 

9 

4 

S.485E-02 

10 

4 

2.795E-02 

11 

4 

4.549E-03 

12 

4 

1.168E-03 

13 

4 

1.398E-02 

14 

4 

3.142E-02 

0 

5 

8.808E-02 

1 

5 

1.851E-01 

3 

5 

9.&11E-02 

4 

5 

3.73SE-02 

5 

5 

8.364E-03 

6 

5 

6.347E-02 

7 

S 

4.694E-02 

8 

5 

4.209E-03 

9 

5 

9.234E-03 

10 

5 

3.918E-02 

11 

5 

4.918E-02 

12 

5 

3.299E-02 

13 

5 

1.091E-02 

14 

5 

2.538E-04 

0 

6 

3.399E-02 

1 

6 

1.752E-01 

2 

6 

6.4S1E-02 

3 

6 

6.580E-02 

4 

6 

1.689E-02 

5 

6 

7.882E-02 

6 

6 

1.485E-02 

7 

6 

1.278E-02 

11 

6 

4.904E-03 

12 

6 

2.860E-02 

13 

6 

4.237E-02 

14 

6 

3.472E-02 

0 

7 

1.017E-02 

1 

7 

1.032E-01 

2 

7 

1.640E-01 

4 

7 

9.667E-02 

5 

7 

7.912E-03 

6 

7 

4.042E-02 

7 

7 

5.731E-02 

8 

7 

4.748E-03 

9 

7 

1.687E-02 

10 

7 

4.743E-02 

11 

7 

3.448E-02 

12 

7 

5.828E-03 

13 

7 

2.321E-03 

14 

7 

2.040E-02 

0 

8 

2.392E-03 

1 

8 

4.^0£H)2 

2 

8 

1.614E-01 

3 

8 

7.840E-02 

4 

8 

3.615E-02 

5 

8 

4..075E-O2 

6 

8 

6.502E-02 

7 

8 

1.040E-03 

8 

8 

5;031E-02 

9 

8 

3.869E-02 

11 

8 

li742E-02 

12 

8 

4.169E-02 

13 

8 

3.071E-02 

14 

8 

6.69SE-03 

0 

9 

4.454E-04 

i 

9 

1.289&-02 

2 

9 

9.406E-02 

3 

9 

1.632E-01 

4 

9 

9.i68£^3 

6 

9 

8.836E-02 

6 

9 

2.010E-03 

7 

9 

6,755E-02 

8 

9 

1.751E-02 

9 

9 

1.174E-02 10 

9 

4.934E-02 

11 

9 

2.518E-02 

13 

9 

1.7S8E-02 

14 

9 

3.680E-02 

1 

10 

2.968E-03 

2 

10 

3.718E-02 

3 

10 

1.431E-01 

4 

10 
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10 
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6 

10 

7.874E-02 
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10 

1 .S38E-62 

8 

10 

3.144E-02 

9 

10 
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10 

10 
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11 

10 
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12 

10 

4.332E-62 

13 

10 
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1 

11 
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2 

11 

1.060E-02 

3 

11 

7.518E-02 
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1.626Efbl 

5 

11 
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6 

11 
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7 

11 

3.210E-02 

8 

11 

6l3S9E-02 

9 

11 

1.246E-63 

10 

11 

4.903E-02 

11 

11 

2.b98ir02 

13 

11 

2.865E-02 

14 

11 

S:l^26E-02 

2 

12 

2.2S3E-ki3 

3 

12 

2.^7BE-02 

4 

12 

l.lTOE^pl 

5 

12 

1.402E-01 

6 

12 

1.628E-03 

7 

12 

8.354E-02 

8 

12 

1.043E-03 

9 

12 

6 .^ 03 E -02 

10 

12 

1.151E-02 

11 

12 

1.839E-02 

12 12 

4.567E-02 

13 

12 

1.068E-02 

14 

12 

4.S24E-03 

3 

13 

6.824E-03 

4 

13 

5.S04E-02 

5 

13 

1.499E-01 

6 

13 

8.717E-02 

7 

13 

l,195E-02 

8 

13 

7.317E-02 

9 

13 

1.239E-02 

10 

13 

3.555E-02 

11 

13 

4.096E-02 

13 

13 

3.303E-02 


CROSS-SECTIONS FROM CARTWRIGHT 


41 



8.8489 9. 11. 13. 15. 18. 22. 30. 

0. 0.019E-16 0.099E-16 0.180E-16 0.256E-16 0.297E-16 0.258E-16 0.204E-16 

5880. 


N2 

1+ 

2 

a 


36 










0 

0 

3.382E-01 

1 

0 

4.065E-01 

2 

0 

1.975E-01 

3 

0 

5.014E-02 

4 

0 

7.191E-03 

5 

0 

5.871E-04 

6 

0 

2.616E-05 

0 

1 

3.248E-01 

1 

1 

2.310E-03 

2 

1 

2.120E-01 

3 

1 

2.987E-01 

4 

1 

1.318E-01 

5 

1 

2.729E-02 

6 

1 

2.925E-03 

7 

1 

1.613E-04 

0 

2 

1.900E-01 

1 

2 

1.032E-01 

2 

2 

1.132E-01 

3 

2 

3.868E-02 

4 

2 

2.738E-01 

5 

2 

2.107E-01 

6 

2 

6.148E-02 

7 

2 

8.462E-03 

8 

2 

5.675E-04 

9 

2 

1.719E-05 

0 

3 

8.857E-02 

1 

3 

1.782E-01 

2 

3 

1.205E'03 

3 

3 

1.623E-01 

4 

3 

1.807E-03 

5 

3 

1.808E-01 

6 

3 

2.605E-01 

7 

3 

1.065E-01 

8 

3 

1.857E-02 

9 

3 

1.495E-03 

10 

3 

5.241E-05 

0 

4 

3.649E-02 

1 

4 

1.450E-01 

2 

4 

7.724E-02 

3 

4 

3.227E-02 

4 

4 

1.139E-01 

5 

4 

4.780E-02 

6 

4 

8.305£H)2 

7 

4 

2.706E-01 

8 

4 

1.561E-01 

9 

4 

3.420E-02 

10 

4 

3.274E-03 

11 

4 

1.318E-04 

0 

5 

1.399E-02 

1 

5 

8.647E-02 

2 

5 

1.275E-01 

3 

S 

9.050E-03 

4 

5 

8.823E-02 

5 

5 

4.262E-02 

6 

5 

1.040E-01 

7 

5 

1.916E-02 

8 

5 

2.438E-01 

9 

5 

2.029E-01 

10 

S 

5.569E-02 

11 

5 

6.299E'03 

12 

5 

2.890E-04 

0 

6 

5.147E-03 

1 

6 

4.367E-02 

2 

6 

1.127E-01 

3 

6 

6.910E-02 

4 

6 

5.227E-03 

5 

6 

1,0S7E-01 

6 

6 

3.171E-03 

7 

6 

1.291E-01 

8 

6 

2.766E-05 

9 

6 

1.919E'01 

10 

6 

2.402E-01 

11 

6 

8.265E-02 

12 

6 

1.099E-02 

13 

6 

6.717E-04 

0 

7 

1.651E'03 

1 

7 

2.000E-02 

2 

7 

7.496E-02 

3 

7 

1.009E-01 

4 

7 

1.798E-02 

5 

7 

3.829E-02 

6 

7 

8.078E-02 

7 

7 

6.748E-03 

8 

7 

1.159E-01 

9 

7 

1.694E-02 

10 

7 

1.299E-01 

11 

7 

2.630E-01 

12 

7 

1.140E-01 

13 

7 

1.777E-02 

14 

7 

1.044E-03 

4 

8 

6.361E-02 

6 

8 

6.967E-02 

7 

8 

3.946E-02 

8 

8 

3.633E-02 

9 

8 

7.862E-02 

10 

8 

5.219E-02 

11 

8 

7.206E-02 

12 

8 

2.688E-01 

13 

8 

1.480E-01 

14 

8 

2.702E-02 

IS 

8 

1.785E-03 

16 

8 

3.480E-05 

0 

9 

2.348E-04 

1 

9 

3.S89E-03 

2 

9 

2.182E-02 

3 

9 

6.406E-02 

4 

9 

8.349E-02 

5 

9 

2.454E-02 

6 

9 

1.289E-02 

7 

9 

7.733E-02 

8 

9 

8.360E-03 

9 

9 

6.773E-02 

10 

9 

3.765E-02 

11 

9 

8.779E-02 

12 

9 

2.8S7E-02 

13 

9 

2.S75E-01 

14 

9 

1.826E-01 

15 

9 

3.902E-02 

16 

9 

2.893E-03 

17 

9 

6.131E>05 

0 

io 

8.403E-05 

1 

10 

1.463E-03 

2 

10 

1.053E-02 

3 

10 

3.917E-02 

4 

10 

7.511E>02 

5 

10 

5.820E-02 

6 

10 

2.460E-03 

7 

10 

3.833E-02 

8 

10 

6.077E-02 

9 

10 

3.194E-04 

10 

10 

8.370E-02 

11 

10 

9.012E-03 

12 

10 

1.109E-01 

13 

10 

4.687E-03 

14 

10 

2.315E-01 

15 

10 

2.154E-01 

16 

10 

5.395E-02 

17 

10 

4.480E-03 

18 

10 

1.089E-04 

0 

11 

3.038E-05 

1 

11 

6.907E-04 

2 

11 

4.885E-03 

3 

11 

2.187E-02 

4 

11 

5.510E-02 

6 

11 

7.056E-02 

6 

11 

2.810E-02 

7 

11 

2.738E-03 

8 

11 

5.721E-02 

9 

11 

3.305E-02 

10 

11 

1.307E-02 

11 

11 

7.897E-02 

12 

11 

2.617E-05 

13 

11 

1.156E-01 

14 

11 

7.733E-04 

IS 

11 

1.945E-01 

16 

11 

2.443E-01 

17 

11 

7.185E-02 

18 

11 

6.675E-03 

19 

11 

1.658E-04 

0 

12 

1.114E-05 

1 

12 

2.380E*04 

2 

12 

2.212E-03 

3 

12 

1.151E-02 

4 

12 

3.567E-02 

5 

12 

6.338E-02 

6 

12 

6.261E-02 

7 

12 

6.400E-03 

8 

12 

1.8S2E-02 

9 

12 

5.94SE-02 

10 

12 

9.676E-03 

11 

12 

3.527E-02 

12 

12 

5.846£’02 

13 

12 

9.342E-03 

14 

12 

1.029E-01 

15 

12 

1.330E-02 

16 

12 

1.516E-01 

17 

12 

2.672E-01 

16 

12 

9.261E-02 

19 

12 

9.615E>03 

1 

13 

9.627E-05 

CROSS- 

-SECTIONS ASSUMED SAME AS B-X 

OF 

CARTWRIGHT 






1.1842 1.288 


1. 

.611 1. 

933 

2.416 

2 

1.221 4.187 


5.798 

0. 


0.054E-16 

I 0. 

.225E-16 0. 

299E-16 0.241E-16 C 

M56E-16 0.120E- 

-16 

0.076E-16 

9.QQ0Z+0A 













K2 

AlA 2 

4 


24 










0 

0 

7.827E-01 

0 

1 

1.791E-01 

0 

2 3.0S9E-02 

0 

3 

5.717E-03 

0 

4 

5.717E-03 

0 

5 

1.303E-03 

0 

6 

3.656E-04 

0 

7 

1.238E-04 

1 

0 

7.827E-01 

1 

1 

1.791E-01 

1 

2 

3.059E-02 

1 

3 

5.717E-03 

1 

4 6.717E-03 

1 

5 

1.303E-03 

1 

6 

3.656E-04 

1 

7 

1.238E-04 

2 

0 

2.095E-01 

2 

1 

5.035E-01 

2 

2 

2.184E-01 

2 

3 

5,20SE-02 

2 

4 

5.205E-02 

2 

6 

1.196E-02 

2 

6 3.080E-03 

2 

7 

9.274E-04 

2 

8 

3.263E-04 

2 

9 

3.263E-04 

2 

10 

1.320E-04 

3 

0 7.735E-03 

3 

1 

3.024E-01 

3 

2 

3.595EK)1 

3 

3 

2.312E-01 

3 

4 2.312E-01 

3 

5 7.099E-02 

3 

6 

1.943E-02 

3 

7 

5.626EH)3 

3 

8 

1.826E-03 

3 

9 

1.826E-03 

3 

10 

6.737E-04 

3 

11 

2.808E-04 

3 

12 

1.305E-04 

4 

0 

7.735E-03 

4 

1 

3.024E-01 

4 

2 3.695EH)1 

4 

3 

2.312E-01 

4 

4 

2.312E-01 

4 

5 

7.099E-02 

4 

6 

1.943E-02 

4 

7 

6.626B-03 

4 

8 

1.826E-03 

4 

9 

1.826Et03 

4 

10 

6.737E-04 

4 

11 

2.80^-04 

4 

12 

1.305^-04 

5 

0 

l.i79£«K>4 

5 

, 1 1.479E-02 

5 

2 

3.693E-01 

5 

3 

2i694E-01 

5 

4 

2.594E-01 

S 

5 

2.275E-01 

5 

6 

8.641E*02 

5 

7 

2.778E-02 

5 

8 

9.d51EH)3 

6 

9 

9.051£-^3 

5 

10 

3.194^703 

5 

11 

1.248E-03 

5 

12 

5.408E-04 

5 

13 

2. 58 

6 

1 

1.910E-04 

6 

2 

2,198E^2 

6 

' 3 

4.228E-01 

6 

4 

4.228E-01 

6 

5 

li570fe-0l 

6 

6 

2.121E-Q1 

6 

7 

9.699EH)2 

6 

8 

3.623E-02 

6 

9 

3.623E-02 

6 

10 

1.328E-02 

6 

11 

5.12SE-03 

6 

12 

2.139E-03 

6 

13 

9.724E-04 

6 

14 

2.SS8E-04 

7 

1 

1.910E-04 

7 

2 

2.198E-02 

7 

3 

4.228E-01 

7 

4 

4.228E-01 

7 

5 

1.870E-01 

7 

6 

2.l2iE-pl 

7 

7 

9.699E-02 

7 

8 

3.623E-02 

7 

9 

3.623E-02 

7 

10 

1.328E-02 

7 

11 

5.125E-03 

7 

12 

2.139E-03 

7 

13 

9.724E-04 

7 

14 

2.658E-04 

8 

2 

1.834E-04 

8 

3 

2.866E-02 

8 

4 

2.866E-02 

8 

5 

4.674E-01 

8 

6 

1.355E-01 


42 



8 7 1.896E-01 8 8 1.020E-01 8 9 1.020E-01 8 10 4.380E-02 8 11 1.803E-02 

8 12 7.629E-03 8 13 3.421E-03 8 14 8.450E*04 9 3 1.027E-04 9 4 1.027E-04 

9 5 3.38SE-02 9 6 5.061E-01 9 7 9.970E-02 9 8 1.642E-01 9 9 1.642E-01 

9 10 1.016E-01 9 11 4.959E-02 9 12 2.280E-02 9 13 1.058E-02 9 14 2.605E-03 

CROSS-SECTIONS ASSUMED SAME AS B-X OF CARTWRIGHT 

2.3799 2.689 3.237 3.884 4.885 6.473 8.415 11.65 

0. 0.054E-16 0.225E-16 0.299E-16 0.241E-16 0.1S6E-16 0.120E-16 0.076E-16 

0.0 


N2 AIB 3 4 11 


0 

0 

2.005E-03 

0 

1 

9.979E-01 

0 

2 

2.005E-03 

1 

0 

2.005E-03 

1 

1 

9.979E-01 

1 

2 

2.005E-03 

2 

0 

9.942E-01 

2 

1 

1.966E-03 

2 

2 

9.942E-01 

2 

3 

3.781E-03 

2 

4 

3.781E-03 

3 

0 

3.652E-03 

3 

2 

3.652E-03 

3 

3 

9.907E-01 

3 

4 

9.907E-01 

3 

5 

B.449E-03 

3 

6 

1.042E-04 

3 

7 

1.042E-04 

4 

0 

3.652E-03 

4 

2 

3.652E-03 

4 

3 

9.907E-01 

4 

4 

9.907E-01 

4 

5 

5.449E-03 

4 

6 

1.042E-04 

4 

7 

1.042E-04 

S 

0 

1.335E-04 

5 

2 

1.33SE-04 

5 

3 

5.189E-03 

6 

4 

5.189E-03 

5 

5 

9.876E-01 

5 

6 

6.927E-03 

5 

7 

6.927E-03 

5 

8 

1.787E-04 

6 

3 

2.431E-04 

6 

4 

2.431E-04 

6 

5 

6.497E-03 

6 

6 

9.848E-01 

6 

7 

9.848E-01 

6 

8 

8.129E-03 

6 

9 

2.877E-04 

7 

3 

2.431E-04 

7 

4 

2.431E-04 

7 

5 

6.497E-03 

7 

6 

9.848E-01 

7 

7 

9.848E-01 

7 

8 

8.129E-03 

7 

9 

2.877E-04 

8 

5 

3.900E-04 

8 

6 

7.497E-03 

8 

7 

7.497E-03 

8 

8 

9.826E-01 

8 

9 

8.985E-03 

9 

6 

5.732E-04 

9 

7 

6.732E-04 

9 

8 

8.135E-03 


CROSS-SECTION ASSUMED SAME AS B-X OF CARTWRIGHT 


1 . 1956 

1.301 

1.626 

1.951 

2.439 

3.252 

4.228 

5.854 

0. 

0.054E-16 

0.225E-16 

0.299E-16 

0.241E-16 

0.1S6E-16 

0.120E-16 

0.076E-16 

0 . 
NO 

30.010 

3 3 

6 3 

0 




4.000 

60.550 

1903.855 

13.970 

-0.001 

0.000 

1.70460 

1.780E-02 

2.000 

43965.699 

2371.300 

14.480 

-0.280 

0.000 

1.99S20 

1.640E-02 

4.000 

45932.398 

1037.680 

7.603 

0.097 

0.000 

1,12700 

1.525E-02 

2.000 

52148.000 

2347.000 

0.000 

0.000 

0.000 

1.95500 

O.OOOE400 

2.000 

53083.000 

2327.000 

23.000 

0.000 

0.000 

1.99170 

O.OOOE+00 

2.000 

60628.500 

2373.600 

15.850 

0.000 

0.000 

1.98630 

1.820E-02 

N 4S 

1.401E+01 

S.249E+04 

4.000E+00 

1.500E+00 

O.OOOE+00 



0 3P 

1.600E*K)1 

S.249E+04 

9.000E+00 

l.OOOE+00 

1.000E400 



CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAHI ET AL 



52490. 

6.508 

6.775 

7.876 

10.16 

13.54 

18.09 

22.58 

28.24 

O.OOOE 00 

3.370E-18 

1.S40E-17 

2.450E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAMI ET AL 



71718. 

3.440 

3.581 

4.162 

5.365 

7.166 

9.562 

11.94 

14.93 

O.OOOE 00 

3.370E-18 

1.640E-17 

2.450E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAHI ET AL 



71718. 

3.196 

3.327 

3.868 

4.988 

6.646 

8.887 

11.09 

13.87 

O.OOOE 00 

3.370E-18 

1.640E-17 

2.4S0E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

NO B 

1 3 

46 







3 

0 

l.OOOE-03 

4 

0 

3.000E-03 

5 

0 

5.000E-03 

6 

0 

l.lOOE-02 

7 

0 

1.700E-02 

8 

0 

2.200E-02 

9 

0 

2.900E-02 

10 

0 

3.200E-02 

11 

0 

4. 100E-02 

12 

0 

6.100E-02 

1 

1 

l.OOOE-03 

2 

1 

4.000E-03 

3 

1 

9.000E-03 

4 

1 

1 .700E-02 

5 

1 

3.200E-^02 

6 

1 

4.400E-02 

7 

1 

5.900E-02 

8 

1 

5.800E-02 

9 

1 

6.000^H)2 

10 

1 

6.700E-02 

11 

1 

4.800E-02 

12 

1 

3.400E-02 

0 

2 

l.OOOE-03 

1 

2 

6.000E-03 

2 

2 

1.800E-02 

3 

2 

3.800E-02 

4 

2 

5.400E-02 

5 

2 

6.900£H)2 

6 

2 

7.000E-02 

7 

2 

5.S00E-02 

8 

2 

3.600E-02 

9 

2 

1.9001^-02 

10 

2 

8.000E^3 

11 

2 

l.OOOE-03 

12 

2 

3.000E-03 

0 

3 

5.000E-03 

1 

3 

2.400E-02 

2 

3 

4.800E-02 

3 

3 

7.600E-02 

4 

3 

7.600E-02 

5 

3 

6.700E-02 

6 

3 

3.200E-02 

7 

3 

7.000E-03 

9 

3 

1.400E-02 

10 

3 

2.000E-02 

11 

3 

3.100E-02 

12 

3 

3.800E-02 

0 

4 

1.700E-02 

1 

4 

5.100E-02' 

2 

4 

8.500E-02 

3 

4 

8.400E-02 

4 

4 

4.3o5E-02 

6 

4 

6.000E-03 

6 

4 

l.OOOE-03 * 

^ 7 

4 

2.400E-02 

8 

4 

3.400E-02 

9 

4 

4.200E-02 

10 

4 

3.400E^2 

11 

4 

2.000E-02 

12 

4 

1aOO0E-O3 

0 

5 

4.100E-02 

1 

5 

9.700E-82 

2 

e 9.200E-(» 

3’ 

S 

3.800E^2 

4 

5 

l.OOOE-03 

5 

5 

1.200E-02 

6 

5 

3.800E-C2 

7 

6 4.600E-02' 

8 

6 2.tOOE-02 

9 

6 

6.000E-03 

11 

5 

6.000E-03 

12 

5 

2.600E-02 

0 

6 

8.200E-*02 

1 

6 

1.170E-01 

2 

6 

4.700E-02 

4 

6 

3.000E-02 

5 

6 

5.300E-02 

6 

6 

3.S00E-02 

7 

6 

5.000E-03 

8 

6 

2.000E-03 

9 

6 

1.800E-02 

10 

6 

3.200E-02 

11 

6 

3.100E-02 

12 

6 

l.lOOE-02 

0 

7 

1.250E-01 

1 

7 

8.800E-02 

2 

7 

2.000E-03 

3 

7 

3.300E-02 

4 

7 

6.000E-02 

5 

7 

2.400E-02 

7 

7 

2.300E-02 

8 

7 

3.800E-02 

9 

7 

3.100E-02 

10 

7 

l.OOOE-02 

12 

7 

1.300E-02 
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1 8 2.900E-02 2 8 2.100E-02 3 8 8.800E-02 4 8 2.100E*02 8 8 4.000E-03 

6 8 3.100E-02 7 8 3.600E-02 8 8 1.400E-02 10 8 1.400E-02 11 8 2.800E-02 

12 8 2.000E-02 0 0 1.670E-01 2 9 7.300E-02 3 9 4.200E-02 4 9 3.000E-03 

5 9 4.600E-02 6 9 3.400E-02 7 9 l.OOOE-03 8 9 1.300E-02 9 9 3.000E-02 

10 9 2.700E-02 11 9 9.000E-03 12 9 3,OOOE-03 0 10 1.620E-01 1 10 2,100E-02 

2 10 8.200E-02 3 10 l.OOOE-03 4 10 3.900E-02 5 10 3.700E-02 6 10 l.OOOE-03 

7 10 2.200E-02 8 10 3.600E-02 9 10 1.800E-02 11 10 8.000E-03 12 10 2,600E-02 

0 11 1.140E-01 1 11 7.400E-02 2 11 4.100E-02 3 11 2.400E-02 4 11 B.400E-02 

5 11 1.800E-02 6 11 2.500E-02 7 11 4.000E-02 8 11 2.000E-03 9 11 8.000E-03 

10 11 2.400E-02 11 11 2.600E-02 12 11 l.OOOE-03 0 12 7.600E-02 1 12 1.260E-01 

3 12 7,200E-02 4 12 1.200E-02 6 12 2.500E-02 6 12 4.300E-02 7 12 2.000E-03 

8 12 1.700E-02 9 12 3.400E-02 10 12 1.400E-02 12 12 1.200E-02 0 13 3.300E-02 

1 13 1.390E-01 2 13 1.800E-02 3 13 5.400E-02 4 13 1.700E-02 6 13 6.200E-02 

6 13 2.000E-03 7 13 2.800E-02 8 13 2.700E-02 9 13 2.000E-03 10 13 1.400E-02 

11 13 3.200E-02 12 13 7.000E-03 0 14 1.600E-02 1 14 l.OSOE-01 2 14 8.200E-02 

3 14 9.000E-03 4 14 6.600E-02 6 14 1.400E-02 6 14 1.800E-02 7 14 3*400E-02 

9 14 2.100E-02 10 14 2.700E-02 11 14 8.000E-03 12 14 8.000E-03 0 15 7.000E-03 

1 15 6.800E-02 2 IS 1.260E-01 3 16 1.300E-02 4 IS 6.600E-02 6 16 l.OOOE-02 

0 16 2.000E-03 1 16 2.800E-02 2 16 1.240E-01 3 16 8,600E-02 4 16 6.000E-03 

6 16 6.300E-02 6 16 6.000E-03 7 16 3.100E-02 8 16 2.200E-02 10 16 2.700E-02 

11 16 2.200E-02 12 16 l.OOOE-03 1 17 l,200E-02 2 17 7.700E-02 3 17 1.340E-01 

4 17 2.900E-02 6 17 6,000E-02 6 17 l,800E-02 7 17 4.200E-02 9 17 3.200E-02 

10 17 1.600E-02 11 17 2.000E-03 12 17 3.100E-02 1 18 4.000E-03 2 18 5.000E-02 

3 18 1.160E-01 4 18 7.700E-02 5 18 3.000E-03 6 18 6.200E-02 7 18 l.OOOE-03 

8 18 3.600E-02 9 18 2,200E-02 10 18 3.000E-03 11 18 2.900E-02 12 18 6.000E-03 

1 19 l.OOOE-03 2 19 l.OOOE-02 3 19 6.900E-02 4 19 1.290E-01 6 19 3.000E-02 

6 19 4.000E-02 7 19 3.800E-02 8 19 3.200E-02 9 19 8.000E-03 10 19 4.100E-02 

CROSS-SECTIONS ASSUMED TO BE SAME AS FOR NO 1-2 OF IMAMI ET AL 

6.687 6. 7. 9, 12. 16. 20. 25. 

O.OOOE 00 3.370E-18 1.S40E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 
l.SOOE^'Oe 


NO ( 

S 

1 

2 
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0 

0 

2.270E-01 

1 

0 

3.670E-01 

2 

0 2.760E-01 

3 

0 9.900E-02 

4 

0 

2.600E-02 

6 

0 

6.000E-03 

6 

0 

2.000E-03 

0 

1 3.060E-01 

1 

1 5.600E-02 

2 

1 

8.700E-02 

3 

1 

2.740E-01 

4 

1 

1.930E-01 

6 

1 7.700E-02 

6 

1 l.OOOE-02 

7 

1 

l.OOOE-03 

0 

2 

2.180E-01 

1 

2 

2.400E-02 

2 

2 1.690E-01 

3 

2 l.OOOE-03 

4 

2 

1.740E-01 

5 

2 

2.700E-01 

6 

2 

1.050E-01 

7 

2 3.000E-02 

8 

2 3.000E-03 

0 

3 

1.330E-01 

1 

3 

1.330E-01 

2 

3 

l.SOOE-02 

3 

3 1.120E-01 

4 

3 S.300E-02 

6 

3 

4.800E-02 

6 

3 

2.340E-01 

7 

3 

1.920E-01 

8 

3 6.000E-02 

9 

3 1.600E-02 

10 

3 

3.000E-03 

0 

4 

6.600E-02 

1 

4 

1.600E-01 

2 

4 2.000E-02 

3 

4 9.400E-02 

4 

4 

2.000E-02 

5 

4 

1.270E-01 

6 

4 

6.000E-03 

7 

4 1.490E-01 

8 

4 2.210E-01 

9 

4 

l.lOOE-01 

10 

4 

2.400E-02 

11 

4 

4.000E-03 

12 

4 l.OOOE-03 

0 

6 2.800E-02 

1 

5 

1.260E-01 

2 

5 

9.200E-02 

4 

5 

1.090E-01 

6 

5 1.270E-01 

7 

8 1.800E-02 

8 

8 

&.200E-02 

9 

5 

2.300E-01 

10 

6 

1.390B-01 

11 

8 6.100E-02 

12 

8 1.300E-02 

0 

6 

1.000E-02 

1 

6 

7.000E-02 

2 

6 

1.280E-01 

3 

6 2.600E-02 

4 

6 5.600E-02 

8 

6 

6.200E-02 

6 

6 

2.200E-02 

7 

6 

4.900E-02 

8 

6 9.S00E-02 

9 

6 6.000E-03 

10 

6 

1.790E-01 

11 

6 

1.860E-01 

12 

6 

9.300E-02 

0 

7 3.000E-03 

1 

7 3.400E-02 

2 

7 

1.060E-01 

3 

7 

8.500E-02 

S 

7 

8.200E-02 

6 

7 2.600E-02 

7 

7 7.700E-02 

8 

7 

2.800E-02 

9 

7 

1.060E-01 

10 

7 

2.000E-03 

11 

7 1.230E-O1 

12 

7 2.040E-01 

0 

8 

2.000E-03 

1 

8 

1.300E-02 

2 

8 

6.100E-02 

3 

8 l.OlOE-01 

4 

8 3.100E-02 

8 

8 

2.100E-02 

6 

8 

9.200E-02 

7 

8 

8.000E-03 

8 

8 9.200E-02 

9 

8 3.000E-03 

10 

8 

9.900E-02 

2 

9 

2.800E-02 

3 

9 

8.300E-02 

4 

9 8.300E-02 

6 

9 3.600E-02 

7 

9 

5.800E-02 

8 

9 

1.800E-02 

9 

9 

7.800E-02 

10 

9 1.600E-02 

11 

9 8.000E-02 

12 

9 

6.900E-02 

1 

10 

3.000E-03 

2 

10 

1.400E-02 

3 

10 6.000£r02 

4 

10 8.900E-02 

8 

10 

2.500E-02 

7 

10 

6.800E-02 

8 

10 

l.lOOE-02 

9 

10 3.400E-02 

10 

10 8.300E-02 

11 

10 

2.800En02 

12 

10 

4.500E-02 

1 

11 

l.OOOE-03 

2 

11 7.000E-03 

3 

11 3.300E-02 

4 

11 

6.700E-02 

5 

11 

7.100E-02 

6 

11 

l,700E-02 

7 

11 3.000E-02 

8 

11 8«900E^>2 

9 

11 

3.000Ef>03 

10 

11 

6.300E-02 

11 

11 

2i400£-02 

12 

11 8.800E-02 

2 

12 4,000E-03 

3 

12 

1.400E-02 

4 

12 

4.000E-02 

5 

12 

7,800E-02 

6 

12 6.80QE-02 

8 

12 1.700E-02 

9 

12 

4.100E-02 

10 

12 

2.000E-03 

11 

12 

6.500E-02 

12 

12 2.000E-03 

2 

13 2.000E-03 

3 

13 

7.000E-03 

4 

13 

3.200E-02 

8 

13 

8.900E-02 

6 

13 7.400E-02 

7 

13 2.000E-02 

8 

13 

4.100E-02 

9 

13 

6.300E-02 

10 

13 

1.400E-02 

11 

IS 3.20PE-02 

12 

13 S.400E-02 

2 

14 

1.000E*03 

3 

14 

3.000E-03 

4 

14 

l,400E-02 

8 

14 3.800E-02 

6 

14 6.800E-02 

7 

14 

6.100E-02 

8 

14 

2.100E-02 

9 

14 

2.000E-02 

10 

14 &.P00E-02 

11 

14 9.000E-03 

12 

14 

2;900£-02 

3 

16 

l.OOOE-03 

4 

IS 

7.000E-03 

5 

15 2.400E-02 

6 

15 8.600E-02 

7 

15 

7.100E-02 
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8 16 1.300E-02 9 16 8.000E-03 10 16 3.400E-02 11 16 3.600E-02 12 16 3.000E-03 

4 16 6.000E‘03 6 16 l.lOOE-02 6 16 3.200E-02 7 16 6.400E-02 8 16 6.200E-02 

9 16 4.000E-03 10 16 1.200E-02 11 16 4.800E-02 12 16 1.400E-02 4 17 l.OOOE-03 

5 17 7.000E-03 6 17 1.800E-02 7 17 4.400E-02 8 17 6.200E-02 9 17 3.400E-02 

11 17 1.700E-02 12 17 3.200E-02 5 18 l.OOOE-03 6 18 6.000E-03 7 18 2.800E-02 

FROM IHAMI ET AL 

5.443 5.666 5.686 8.490 11.32 16.13 18.89 23.62 

O.OOOE 00 3.370E-18 1,540E-17 2.460E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 

8.620E^06 

NO A-B 231 

0 0 0 . 

CROSS‘SECTIONS ASSUMED SAME AS AS FOR NO 1~2 OF IMANI ET AL 


0.2437 

0.2537 

0.2937 

0.3802 

0.5069 

0.6775 

0.8456 

1.058 

O.OOOE 00 

A 

3.370E-18 

1.540E-17 

2.450E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

\J • 

02 

32.0 

0 0 

5 0 





3.000 

0.000 

1580.361 

12.073 

0.055 

-0.001 

1.44567 

1.579E-02 

2.000 

7918.100 

1509.300 

12.900 

0.000 

0.000 

1.42640 

1.710E-02 

1.000 

13195.220 

1432.687 

13.950 

-0.011 

0.000 

1.40042 

1.817E-02 

3.000 

36096.000 

819.000 

22.500 

0.000 

0.000 

1.05000 

O.OOOE+00 

3.000 

49802.102 

700.360 

8.002 

-0.375 

0.000 

0.81900 

l.lOOE-02 

0 3P 

1.600E4-01 

4.126E+04 

9.000E4'00 

1.000£-K)0 

l.OOOE+00 



0 3P 

1.600E+01 

4.126E+04 

9.000E-K)0 

l.OOOE-fOO 

1.000E400 



CN 

26.020 

3 3 

3 3 

0 




2.000 

0.000 

2068.745 

13.134 

-0.006 

0.000 

1.89900 

1.701E-02 

4.000 

9245.344 

1812.555 

12.609 

-0.012 

0.000 

1.71510 

1.708E-02 

2.000 

25751.801 

2168.610 

20.200 

0.000 

0.000 

1.97010 

2.215E-02 

C 3P 

1.201E+01 

6.364E+04 

9.000E+00 

l.OOOE+00 

l.OOOE+00 



K 4S 

1.401E^01 

6.363E<f04 

4.000E-i'00 

l.SOOE+00 

O.OOOE+00 



CROSS-SECTIONS ASSUMED AS SANE FOR NO 1- 

-2 OF IHAMI ET AL 



63640. 

7.89 

8.213 

9.547 

12.31 

16.41 

21.93 

27.38 

34.24 

O.OOOE 00 

3.370E-18 

1.540E-17 

2.450E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

CROSS-SECTIONS ASSUMED SAME AS SAME FOR 

NO 1-2 OF 

IMAMI ET AL 


63640. 

6.744 

7.035 

8.178 

10.54 

14.06 

18.79 

23.45 

29.33 

O.OOOE 00 

3.370E-18 

1.540E-17 

2.450E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

CROSS-SECTIONS ASSUMED SAME AS SAME FOR 

NO 1-2 OF 

IHAMI ET . 

kh 


63640. 

4.697 

4.884 

5.677 

7.320 

9.759 

13.04 

16.28 

20.36 

O.OOOE 00 

3.370E-18 

1.640E-17 

2.450E-17 

2.980E-17 

3.030E-17 

2.870E-17 

2.700E-17 

CN VIO 

1 3 

13 






0 0 9.179E-01 1 

0 8.090E-02 201 

.200E-03 i 

0 1 7.600E-02 1 1 

7.795E-01 

2 1 1.417E-01 3 

1 2.800E-03 0 2 5 

.800E-03 

1 2 1.240E-01 2 2 

6.754E-01 


3 2 1.905E-01 4 2 4.300E-03 0 3 3.000E-04 1 3 1.430E-02 2 3 1.650E-01 

3 3 6.929E-01 4 3 2.318E-01 2 4 2.390E-02 3 4 1.745E-01 4 4 5.279E-01 

6 4 2.668E-01 3 6 3.420E-02 4 6 1.826E-01 6 6 4.824E-01 6 5 2.933E-01 

4 6 4.520E-02 5 6 1.781E-01 6 6 4.583E-01 7 6 3.095E-01 9 6 3.100E-03 

6 7 6.640E-02 6 7 1.640E-01 7 7 4.564E-01 8 7 3.122E-01 10 7 6.000E-03 

6 8 6.390E-02 8 8 4.760E-01 9 8 2.956E-01 11 8 6.700E-03 7 9 7.080E-02 

9 9 5.184E-01 10 9 2.537E-01 8 10 7.660E-02 10 10 6.801E-01 11 10 1.897E-01 

12 10 4.810E-02 14 10 3.400E-03 7 11 3.100E-03 9 11 8.280E-02 11 11 6.447E-01 

12 11 1.131E-01 13 11 8.640E-02 15 11 6.600E-03 8 12 3.700E-03 12 12 6.967E-01 

14 12 1.203E-01 9 13 4.100E-03 13 13 7.127E-01 16 13 1.380E-01 18 13 4.000E-03 

14 14 6.762E-01 16 14 1.234E-01 17 14 4.470E-02 15 IS 5.786E-01 16 15 9.180E-02 

CROSS-SECTIONS ASSUMED SAME AS FOR NO 1-2 OF IMAKI ET AL 
3.193 3.329 3.870 4.989 6.652 , 8.890 11.10 13.88 

O.OOOE 00 3.370E-18 1.540E-17 “2.450E-17 2.9^0E“^7 3.030E-17 2.870E-17 2.700E-17 t* 

1.180E+07 f 

CN RED 1 2 SO r i 

0 0 5.002E-01 1 0 3.179E-01 2 0 1.269E-01 3 0 4.020E-02 4 0 l.llOE-02 

6 0 2.850E-03 6 0 7.500E-04 7 0 2.000E-04 8 0 6.000E-06 0 1 3.711E-01 

1 1 4.600E-02 2 1 2.409E-01 3 1 1.942E-01 4 1 9.410E-02 5 1 3.61SE-02 

6 1 1.220E-02 7 1 3.800E-03 8 1 l.lOOE-03 9 1 3,500£-04 10 1 l.OOOE-04 

0 2 1.107E-01 1 2 3.628E-01 2 2 1.160E-02 3 2 9.950E-02 4 2 1.812E-01 
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5 

2 

1.330E-01 

6 

2 

6.755E-02 

7 

2 

2.810E-02 

8 

2 

1.040E-02 

9 

2 3.600E-03 

10 

2 

1.150E-03 

11 

2 

3.600E-04 

12 

2 

1.500E-04 

13 

2 

5.000E-05 

0 

3 

1.670E-02 

1 

3 

2.234E-01 

2 

3 

2.136E-01 

3 

3 

8.780E-02 

4 

3 

1.615E-02 

6 

3 

1.228E-01 

6 

3 

1.416E-01 

7 

3 

9.500E-02 

8 

3 

4.85SE-02 

9 

3 

2.125E-02 

10 

3 8.450E-03 

U 

3 

3.150E-03 

12 

3 

l.lOOE-03 

13 

3 

4.000E-04 

14 

3 

l.SOOE-04 

15 

3 

S.OOOE-05 

0 

4 

1.400E-03 

1 

4 

5.355E-02 

2 

4 

2.872E-01 

3 

4 

8.785E-02 

4 

4 

1.489E-01 

6 

4 

1.800E-03 

6 

4 

6.870E-02 

7 

4 

1.210E-01 

8 

4 

1.088E-01 

9 

4 

6.855E-02 

10 

4 

3.S30E-02 

11 

4 

1.600E-02 

12 

4 

6.650E-03 

13 

4 

2.650E-03 

14 

4 

l.OOOE-03 

15 

4 

4.000E-04 

16 

4 

1.500E-04 

17 

4 

5.000E-05 

0 

5 

l.OOOE-04 

1 

5 6.150E-03 

2 

5 

1.027E-01 

3 

5 

2.994E-01 

4 

5 

1.595E-02 

5 

5 

1.591E-01 

6 

5 

3.040E-02 

7 

5 

l,505E-02 

8 

5 

8.440E-02 

9 

5 

1.068E-01 

10 

5 

8.305E-02 

11 

5 

5.020E-02 

12 

5 

2.590E-02 

13 

5 

1.210E-02 

14 

5 

5.300E-03 

15 

5 

2.1S0E-03 

16 

5 

8.S00E-04 

1 

6 

4.000E-04 

2 

6 

1.590E-02 

3 

6 

1.567E-01 

4 

6 

2.669E-01 

5 

6 7.500E-04 

6 

6 

1.287E-01 

7 

6 

6.960E-02 

8 

6 

1.500E-04 

9 

6 

4.555E-02 

10 

6 

9.010E-02 

11 

6 

8.880E-02 

12 

6 

6.315E-02 

13 

6 

3.725E-02 

14 

6 

1.940E-02 

15 

6 

9.300E-03 

16 

6 

4.200E-03 

17 

6 

1.850E-03 

18 

6 

7.500E-04 

2 

7 

1.250E-03 

3 

7 

3.130E-02 

4 

7 

2.067E-01 

5 

7 

2.069E-01 

6 

7 

2.400E-02 

7 

7 

8.095E-02 

8 

7 

9.770E-02 

9 

7 

9.450E-03 

10 

7 

1.610E-02 

11 

7 

6.515E-02 

12 

7 

8.440E-02 

13 

7 

7.165E-02 

14 

7 

4.825E-02 

15 

7 

2.805E-02 

16 

7 

1.480E-02 

17 

7 

7.300E-03 

18 

7 3.400E-03 

2 

8 

5.000E-05 

3 

8 

2.950E-03 

4 

8 

5.285E-02 

5 

8 

2.455E-01 

6 

8 

1.390E-01 

7 

8 

6.345E-02 

8 

8 

3.650E-02 

9 

8 

1.050E-01 

10 

8 

3.190E-02 

11 

8 

1.650E-03 

12 

8 

3.835E-02 

13 

8 

7.115E-02 

14 

8 

7.365E-02 

15 

8 

S.700E-02 

16 

8 3.705E-02 

17 

8 

2.140E-02 

18 

8 

1.145E-02 

3 

9 

l.OOOE-04 

4 

9 

6.000E-03 

5 

9 7.980E-02 

6 

9 

2.670E-01 

7 

9 

7.770E-02 

8 

9 

1 .008E-01 

9 

9 

8.250E-03 

10 

9 

9.250E-02 

11 

9 

5.585E-02 

12 

9 

2.400E-03 

13 

9 

1.650E-02 

14 

9 

5.265E-02 

15 

9 6.860E-02 

16 

9 

6.170E-02 

17 

9 

4.505E-02 

18 

9 

2.870E-02 

4 

10 

3.500E-04 

5 

10 

1.070E-02 

6 

10 

1 . 107E-01 

7 

10 

2.728E-01 

8 

10 

3.205E-02 

9 

10 

1.242E-01 

10 

10 2.500E-04 

11 

10 

6.780E-02 

12 

10 

7.205E-02 

13 

10 

1.425E-02 

14 

10 

3.500E-03 

15 

10 

3.275E-02 

16 

10 

5.760E-02 

17 

10 

6.145E-02 

18 

10 

5.065E-02 

5 

11 

6.500E-04 

6 

11 

1.765E-02 

7 

11 

1.432E-01 
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DISSOCIATION ENERGY - 70308.0 CM-1 ^ 

ELECTRON ENERGY- 8.73 11.01 16.52 22.03 27.54 41.30 55.07 82.61 

CROSS SECTION « 2.050E-17 2.830E-17 2.380E-17 l.OOOE-17 1.550E-17 l.lOOE-17 8.000E-18 6.800E-18 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL «0.1 
DISSOCIATION ENERGY - 70308.0 CM-1 

ELECTRON ENERGY- 7.61 0.60 14.41 10.21 24.01 36.01 48.02 72.03 

CROSS SECTION - 2.9S0E-17 2.830E-17 2.380E-17 1.900E-17 1.650E-17 l.lOOE-17 8.000E-18 6.800E-18 
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CROSS-SECTIONS ASSUMED TO BE THE SANE AS FOR X-B OF CRANDALL ET AL 
DISSOCIATION ENERGY » 70398.0 CN-1 

ELECTRON ENERGY* 6.56 7.01 10.52 14.03 17.54 

CROSS SECTION * 2.950E-17 2.830E-17 2.380E-17 1.900E-17 1.550E-17 

CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR Z-B OF CRANDALL ET AL 
DISSOCIATION ENERGY * 70398.0 CM-1 

ELECTRON ENERGY* 2.32 2.93 4.40 5.86 7.33 

CROSS SECTION * 2.950E-17 2.830E-17 2.380E-17 1.900E-17 1.550E-17 


* 0.1 

26.30 35.07 52.61 

l.lOOE-17 8.900E-18 6.800E-18 
♦ 0.1 

10.99 14.66 21.98 

l.lOOE-17 8.900E-18 6.800E-18 


FRANCK-CONDON FACTOR DATA 
lORD* 1 

N2+MEI LOWER STATE* 1 UPPER STATE* 2 NUMBER OF CARDS* 10 


0 

0 

4.751E-01 

0 

1 

3.798E-01 

0 

2 

1.226E-01 

0 

3 

2.055E-02 

0 

4 

1.914E-03 

0 

5 

9.822E-05 

1 

0 

3.256E-01 

1 

1 

3.115E-01 

1 

2 

3.358E-01 

1 

3 

2.368E-01 

1 

4 

6.236E-02 

1 

5 

7.946E-03 

1 

6 

5.163E-04 

2 

0 

1.360E-01 

2 

1 

2.245E-01 

2 

2 

2.137E-02 

2 

3 

1.851E-01 

2 

4 

2.946E-01 

2 

5 

1.171E-03 

2 

6 

1.972E-03 

2 

7 

1.681E-03 

3 

0 

4.626E-02 

3 

1 

1.990E-01 

3 

2 

7.974E-01 

3 

3 

1.049E-01 

3 

4 

6.274E-02 

3 

5 

2.929E-01 

3 

6 

1.738E-01 

3 

7 

3.793E-02 

3 

8 

3.685E-03 

4 

0 

1.329E-02 

4 

1 

1.032E-01 

4 

2 

1.745E-01 

4 

3 

7.195E-03 

4 

4 

1.553E-01 

4 

5 

5.808E-03 

4 

6 

2.479E-01 

4 

7 

2.230E-01 

4 

8 

6.228E-02 

4 

9 

7.238E-03 

5 

0 

3.624E-03 

5 

1 

4.145E-02 

5 

2 

1.395E-01 

5 

3 

1.078E-01 

5 

4 

6.918E-03 

5 

5 

1.509E-01 

5 

6 

5.609E-03 

5 

7 

1.816E-01 

5 

8 

2.678E-01 

5 

9 

9.165E-02 


CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR X-B OF CRANDALL ET AL 

ELECTRON ENERGY* 1.12 1.41 2.12 2.82 3.63 6.29 7.05 10.68 

CROSS SECTION * 2.950E-16 2.830E-16 2.380E-16 1.900E-16 1.650E-16 l.lOOE-16 8.900E-17 6.800E-17 

RADIATIVE TRANSITION PROBABILITY* O.OOOE*00 
lORD* 2 

N2* 1- LOWER STATE* 1 UPPER STATE* 3 NUMBER OF CARDS* 36 


0 

0 

6.509E-01 

1 

0 

3.014E-01 

2 

0 

4.537E-02 

3 

0 2.248E-03 

4 

0 1.4S2E-05 

0 

1 

2.588E-01 

1 

1 

2.226E-01 

2 

1 

4.060E-01 

3 

1 1.056E-01 

4 

1 6.935E-03 

5 

1 

3.986E-05 

0 

2 

7.016E-02 

1 

2 

2.860E-01 

2 

2 5.065E-02 

3 

2 4.137E-01 

4 

2 

1.660E-01 

5 

2 

1.340E-02 

6 

2 

5.729E-05 

7 

2 1.132E-05 

0 

3 1.600E-02 

1 

3 

1.324E-01 

2 

3 

2.290E-01 

3 

3 

2.101E-03 

4 

3 3.792E-01 

5 

3 2.205E-01 

6 

3 

2.069E-02 

7 

3 

4.930E-0S 

8 

3 

3.006E-05 

0 

4 3.297E-03 

1 

4 4.273E-02 

2 

4 

1.654E-01 

3 

4 

1.657E-01 

4 

4 

6.726E-03 

5 

4 3.310E-01 

6 

4 2.673E-01 

7 

4 

2.789E-02 

8 

4 

1.807E-05 

9 

4 

6.420E-05 

0 

6 6.342E-04 

1 

5 1.140E-02 

2 

5 

7.113E-02 

3 

5 

1.706E-01 

4 

5 

9.290E-02 

5 

6 2.925E-02 

6 

5 2.830E-01 

7 

5 

3.068E-01 

8 

5 

3.419E-02 

10 

5 

1.161E-04 

0 

6 l.lSSE-04 

1 

6 2.700E-03 

2 

6 

2.362E-02 

3 

6 

9.451E-02 

4 

6 

1.569E-01 

5 

6 4.815E-02 

6 

6 6.331E-02 

7 

6 

2.415E-01 

8 

6 

3.401E-01 

9 

6 

3.890E-02 

10 

6 8.094E-05 

11 

6 1.823E-04 

0 

7 

2.000E-05 

1 

7 

S.861E-04 

2 

7 

6.691E-03 

3 

7 3.801E-02 

4 

7 1.096E-01 

5 

7 

1.333E-01 

6 

7 

2.044E-02 

7 

7 

7.236E-02 

8 

7 2.083E-01 

9 

7 3.686E-01 

10 

7 

4.153E-02 

11 

7 

3.873E-04 

12 

7 

2.509E-04 

13 

7 1.172E-05 

1 

8 1.185E-04 

2 

8 

1.695E-03 

3 

8 

1.261E-02 

4 

8 

6.236E-02 

5 

8 1.161E-01 

6 

8 1.065E-01 

7 

8 

5.939E-03 

8 

8 

8.468E-02 

9 

8 

1.837E-01 

10 

8 3.933E-01 

11 

8 4.170E-02 

12 

8 

1.087E-03 

13 

8 

3.010E-04 

14 

8 

3.005E-05 

1 

9 2.2S9E-0S 

2 

9 3.234E-04 

8 

9 

4.743E-04 

9 

9 

9.065E-02 

10 

9 

1.672E-01 

11 

9 4.149E-01 

12 

9 3.928E-02 

13 

9 

2.361E-03 

14 

9 

3.071E-04 

15 

9 

6.400E-05 

2 

10 8.44SE-0S 

3 

10 9.639E-04 

4 

10 

6.599E-03 

5 

10 

2.826E-02 

6 

10 

7.442E-02 

7 

10 1.084E-01 

8 

10 5.865E-02 

9 

10 

5.552E-04 

10 

10 

9.141E-02 

11 

10 

1.570E-01 

12 

10 4.338E-01 

13 

10 3.432E-02 

14 

10 

4.364E-03 

15 

10 

2.499E-04 

16 

10 

1.171E-04 

2 

11 1.675E-05 

3 

11 2.324E-04 

4 

11 

1.942E-03 

5 

11 

1.043E-02 

6 

11 

3.652E-02 

7 

11 8.051E-02 

8 

11 9.821E<K)2 

9 

11 

4.075E-02 

10 

11 

3.604E-03 

11 

11 

8.818E-02 

12 

11 1.654E-01 

13 

11 4.496E-01 

14 

11 

2.722E-02 

15 

11 

7.165E-03 

16 

11 

1.355E-04 

17 

11 1.867E-04 

3: 

12 5.1S6E-05 

4 

12 

5.207E-04 

5 

12 

3.406E-03 

6 

12 

1.496E-02 

7 

12 4.411E-02 

8 

12 8.319E-02 

9 

12 

8.628E-02 

10 

12 

2.710E-02 

11 

12 

7.896E-03 

12 

12 8.205E*02 

IS 

12 1.S93E-01 

14 

12 

4.615E-01 

15 

12 

1.876E-02 

16 

12 

1.068E-02 

17 

12 2;033E*0S 

18 

12 2.587E^4 

19 

12 

2.439E-05 

3 

13 

1.044E-05 

4 

13 

lr281E-04 

6^ 

13 1.007E-03 

6; 

13 5«378E-03 

7 

13 

1.991E-02 

8 

13 

5.0S3E-02 

9 

13 

8.288E-02 

10 

13 7.393E-02if U 

18 1.720Bt02 

12 

13 

1.238E-02 

13 

13 

7.384E-02 

14 

13 

1.697E-01 

15 

13 4.681E-01 

16 

IS 1.018E-02 

17 

13 

1.459E-02 

18 

13 

3.650E-05 

19 

13 

3.056E-04 

4 

14 2.87TE-05 

5 

14 2.724E-04 

6 

14 

1.741E-03 

7 

14 

7.823E-03 

8 

14 

2.495E-02 

9 

14 5.544E-02 

10 

14 8.018E-02 

11 

14 

6.208E-02 

12 

14 

1.034E-02 

13 

14 

1.651E-02 

14 

14 6.418E-02 

15 

14 1.866E-01 

16 

14 

4.676E-01 

17 

14 

3.207E-03 

18 

14 

1.831E-02 

19 

14 S.955E-04 

6 

16 6.737E-05 

CROSS-SECTINS MEASURED 

BY CRANDALL ET . 

kL 
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ELECTRON ENERGY^ 3.17 4.00 5.00 6.00 8.00 10.00 15.00 20.00 

CROSS SECTION ■ 2.950E-16 2.830E-16 2.380E-16 1.900E-16 1.650E-16 l.lOOE-16 5.900E-17 6.800E-17 

RADIATIVE TRANSITION PROBABILITY- l.S20E4^7 
IORD- 3 

N2^ DX LOWER STATE- 1 UPPER STATE- 4 NUMBER OF CARDS- 54 


0 

4 

1.579E-04 

0 

5 

6.941E-04 

0 

6 

2.501E-03 

0 

7 7.498E-03 

0 

8 1.888E-02 

0 

9 

4.020E-02 

0 

10 

1.119E-01 

0 

11 

1.469E-01 

0 

12 

1.642E-01 

0 

13 1.556E-01 

0 

14 

8.237E-02 

0 

15 

4.467E-02 

0 

16 6.454E-03 

0 

17 

1.574E-03 

1 

3 2.379E-04 

1 

4 

1.105E-03 

1 

5 

4.051E-03 

1 

6 

1.193E-02 

1 

7 

2.838E-02 

1 

8 5.433E-02 

1 

9 

8.246E-02 

1 

10 

7.993E-02 

1 

11 

3.886E-02 

1 

12 

3.775E-03 

1 

13 9.785E-03 

1 

14 

1.231E-01 

1 

15 

1.498E-01 

1 

16 

7.868E-02 

1 

17 

3.522E-02 

1 

18 2.220E-03 

2 

2 

2.055E-04 

2 

3 

1.061E-03 

2 

4 

4.119E-03 

2 

5 

1.243E-02 

2 

6 2.937E-02 

2 

7 

5.383E-02 

2 

8 

7.418E-02 

2 

9 

7.166E-02 

2 

10 

5.664E-03 

2 

11 6.219E-03 

2 

12 

4.435E-02 

2 

13 

7.148E-02 

2 

14 

5.578E-03 

2 

15 

1.365E-02 

2 

16 1.467E-01 

2 

17 

1.458E-01 

2 

18 

3.852E-02 

2 

19 

1.260E-03 

3 

1 

1.266E-04 

3 

2 7.873E-04 

3 

3 

3.383E-03 

3 

4 

1.083E-02 

3 

5 

2.642E-02 

3 

6 

4.873E-02 

3 

7 6.544E-02 

3 

8 

6.822E-02 

3 

9 

2.601E-02 

3 

10 

1.461E-02 

3 

11 

4.747E-02 

3 

12 4.558E-02 

3 

13 

9.981E-03 

3 

14 

4.763E-02 

3 

15 

6.338E-02 

3 

16 

3.506E-03 

3 

17 7.154E-02 

3 

18 

1.543E-01 

3 

19 

2.868E-02 

3 

20 

2.104E-04 

4 

1 

4.776E-04 

4 

2 2.441E-03 

4 

3 

8.604E-03 

4 

4 

2.231E-02 

4 

5 

4.286E-02 

4 

6 

5.903E-02 

4 

7 5.284E-02 

4 

8 

2.278E-02 

4 

9 

3.107E-04 

4 

10 

4.162E-02 

4 

11 

3.102E-02 

4 

12 2.057E-03 

4 

13 

1.384E-02 

4 

14 

2.859E-02 

4 

16 

6.297E-02 

4 

17 

2.450E-02 

4 

18 8.839E-02 

4 

19 

1.494E-01 

4 

20 

1.189E-02 

5 

0 

2.140E-04 

5 

1 

1.563E-03 

5 

2 6.463E-03 

5 

3 

1.834E-02 

5 

4 

3.756E-02 

5 

5 

5.462E-02 

5 

6 

5.185E-02 

5 

7 2.462E-02 

5 

8 

8.863E-04 

5 

9 

1.169E-02 

5 

10 

2.555E-02 

5 

11 

9.533E-04 

5 

12 1.462E-02 

5 

13 

3.651E-02 

5 

14 

1.906E-03 

5 

15 

3.396E-02 

5 

16 

8.541E-04 

5 

17 2.805E-02 

5 

18 

1.584E-02 

5 

19 

1.384E-01 

5 

20 

1.102E-0I 

5 

21 

1.694E-03 

6 

0 8.007E-04 

6 

1 

4.533E-03 

6 

2 

1.487E-02 

6 

3 

3.315E-02 

6 

4 

5.168E-02 

6 

5 5.310E-02 

6 

6 

2.909E-02 

6 

7 

2.669E-03 

6 

8 

7.266E-03 

6 

9 

2.986E-02 

6 

10 1.364E-03 

6 

11 

1.171E-02 

6 

12 

3.032E-02 

6 

13 

1.091E-02 

6 

14 

2.913E-02 

6 

15 2.045E-02 

6 

16 

2.965E-02 

6 

17 

3.096E-02 

6 

18 

3.761E-02 

6 

19 

1.29SE-03 

6 20 O.OOOE<K)0 

6 

21 

4.502E-02 

7 

0 

2.732E-03 

7 

1 

1.163E-02 

7 

2 

2.957E-02 

7 

3 4.991E-02 

7 

4 

5.571E-02 

7 

5 

3.501E-02 

7 

6 

S.910E-03 

7 

7 

3.508E-03 

7 

8 2.4S1E-02 

7 

9 

2.438E-02 

7 

10 

7.876E-03 

7 

11 

2.579E-02 

7 

12 

1.041E-02 

7 

13 1.982E-03 

7 

14 

1.547E-02 

7 

15 

6.758E-04 

7 

16 

1.859E-02 

7 

17 

8.836E-04 

7 

18 2.156E-02 

7 

19 

5.6S3E-02 

7 

20 

2.086E-02 

7 

21 

2.030E-01 

7 

22 

6.649E-03 

8 

0 2.272E-02 

8 

1 

4.752E-02 

8 

2 

6.504E-02 

8 

3 

4.986E-02 

8 

4 

1.606E-02 

8 

6 1.551E-02 

8 

7 

2.468E-02 

8 

8 

7.102E-03 

8 

9 

2.077E-03 

8 

10 

1.226E-02 

8 

11 1.357E-04 

8 

12 

1.509E-02 

8 

13 

1.338E-02 

8 

14 

1.572E-02 

8 

15 

1.224E-02 

8 

16 1.958E-02 

8 

17 

8.542E-03 

8 

18 

2.511E-02 

8 

19 

2.164E-02 

8 

20 

5.973E-03 

8 

21 O.OOOE-K)0 

8 

22 

2.433E-01 

8 

23 

1.599E-02 

9 

0 

5.255E-02 

9 

1 

6.827E-02 

9 

2 6.214E-02 

9 

3 

2.240E-02 

9 

4 

1.873E-04 

9 

5 

1.256E-02 

9 

6 

2.450E-02 

9 

7 9.697E-03 

9 

8 

6.955E-04 

9 

9 

1.S24E-02 

9 

11 

1.167E-02 

9 

12 

1.326E-02 

9 

14 1.16SE-02 

9 

15 

2.491E-04 

9 

16 

7.723E-03 

9 

17 

3.467E-03 

9 

18 

1.668E-03 

9 

19 1.614E-02 

9 

20 

3.486E-02 

9 

21 

5.754E-02 

9 

22 

6.642E-02 

9 

23 

1.387E-01 

9 24 O.OOOE^ 

10 

0 

1.015E-01 

10 

1 

6.956E-02 

10 

2 

3.610E-02 

10 

3 

9.761E-04 

10 

4 9.260E-03 

10 

5 2.566E-02 

10 

6 

1.193E-02 

10 

8 

1.277E-02 

10 

9 

1.389E-02 

10 

10 8.671E-03 

10 

11 

1.308E-02 

10 

12 

4.079E-04 

10 

13 9.081E-03 

10 

15 

1.218E-02 

10 16 1.937E-03 

10 

17 

1.562E-02 

10 

18 

1.041E-02 

10 

19 

2.075E-03 

10 20 

2.150E-04 

1 

o 

CM 

O 

10 

22 

3.749E-02 

10 

23 

2.378E-01 

10 

24 

2.930E-03 

11 

0 

2.010E-01 

11 

1 4.128E-03 

11 

2 

9.081E-04 

11 

3 

3.431E-02 

11 

4 

1.479E-02 

11 

5 

1.310E-03 

11 

6 1.013E-02 

11 

7 

1.366E-02 

11 

8 

2.956E-03 

11 

9 4.710E-03 

11 

10 

2.317E-03 

11 

11 4.536E-03 

11 

12 

1.066E-02 

11 

13 6.973E-04 

11 

14 

8.468E-03 

11 

15 

1.868E-04 

11 

16 3.669E-03 

11 

17 

4.138E-03 

11 

19 2.462E-03 

11 

20 

7.770E-03 

11 

21 

1.872E*02 

11 22 O.OOOE-KK) 

11 

23 

6.579E-02 

11 

24 

1.766E-01 

12 

0 

1.293E-01 

12 

1 

8.939E-02 

12 

2 5.961E-03 

12 

3 

1.924E-02 

12 

4 

1.544E-02 

12 

5 7.623E-03 

12 

6 

1.19BE-02 

12 

7 4.165E-03 

12 

8 

7.042E-03 

12 

9 

7.446E-03 

12 

10 7.621E-03 

12 

11 

3.516E-03 

12 

12 3.584E-03 

12 

13 

7.830E-03 

12 

14 6;465E^03 

12 

15 

5.513E-03 

12 

16 

9.053E-03 

12 

17 8.782E-04 

12 

18 

5.483E-03 

12 

19 

9.831E-03 

12 

20 

1.299E-02 

12 

2ri.678E-02 

12 22 O.OOOE«Ob 


CROSS-SECTIONS ASSUMED TO BE THE SAME AS FOR B-X OF CRANDALL ET AL 

ELECTRON ENERGY- 6.41 8.08 12^12 16.17 20.21 30.31 40.42 60.62 

CROSS SECTION - 2.950E-16 2.830E-16 2.380E-16 1.900E-16 1.550E-16 l.lOOE-16 8.900E-17 6.800E-17 

RADIATIVE TRANSITION PROBABILITY- OvOOOE^OO 
lORD- 4 

N24-MEI LOVER STATE- 2 UPPER STATE- 3 NUMBER OF CARDS- 61 
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0 

0 

9.858E-02 

0 

1 

2.010E-01 

0 

2 2.274E-01 

0 

5 

7.8276-02 

0 

6 

4.202E-02 

0 

7 2.023E-02 

1 

0 

2.331E-01 

1 

1 

1.645E-01 

1 

2 2.267E-02 

1 

5 

1.276E-01 

1 

6 

1. 3246-01 

1 

7 1.0S4E-01 

1 

10 

4.559E-03 

1 

11 

6.144E-04 

1 

13 1.767E-04 

2 

2 

6.140E-02 

2 

3 

1.150E-01 

2 

4 4.835E-02 

2 

7 

8.658E-02 

2 

8 

1.196E-01 

2 

9 1.136E-01 

2 

12 

2.383E-03 

2 

14 

7.023E-04 

2 

15 2.225E-04 

3 

2 

1.213E-01 

3 

3 

9.749E-03 

3 

4 3.071E-02 

3 

7 

3.362E-03 

3 

8 

l,664E-02 

3 

9 7.232E-02 

3 

12 

3.386E-02 

3 

13 

6.730E-03 

3 

14 1.54SE-03 

4 

0 

1.175E-01 

4 

1 

1.690E-01 

4 

2 1.948E-02 

4 

5 

6. 5326-03 

4 

6 

2.003E-02 

4 

7 5.987E-02 

4 

10 

8.239E-02 

4 

11 

1.290E-01 

4 

12 1.155E-01 

4 

15 

2.870E-03 

4 

16 

1.669E-03 

4 

17 4.403E-04 

5 

0 

4.856E-02 

5 

1 

2.020E-01 

5 

2 3.091E-02 

S 

5 

6.362E-02 

5 

6 

5.327E-02 

5 

7 3.333E-03 

5 

11 

3.722E-02 

5 

12 

1.109E-01 

5 

13 1.385E-01 

5 

16 

8.187E-03 

5 

18 

1.376E-03 

6 

0 1.438E-02 

6 

3 

5.523E-03 

6 

4 

6.783E-02 

6 

5 3.898E-02 

6 

8 

3.482E-02 

6 

9 

6.546E-04 

6 

10 3.239E-02 

6 

13 

7.689E-02 

6 

14 

1.222E-01 

6 

15 4.813E-02 

6 

18 

1.326E-03 

6 

19 

9.596E-04 

7 

0 2.712E-03 

7 

3 

6.253E-02 

7 

4 

5. 3516-02 

7 

5 1.062E-02 

7 

8 

1.061E-02 

7 

9 

4.128E-02 

7 

10 2.364E-04 

7 

13 

1.344E-04 

7 

14 

1.267E-01 

7 

15 1.416E-01 

7 

18 

8.947E-04 

7 

19 

4.369E-03 

8 

0 2.265E-04 

8 

3 

2.014E-01 

8 

4 

5.484E-03 

8 

5 7.101E-02 

8 

8 

3.781E-02 

8 

9 

l.llOE-03 

8 

10 3.166E-02 

8 

13 

1.345E-02 

8 

14 

2.037E-02 

8 

15 1.016E-01 

8 

18 

1.800E-02 

8 

19 

1.632E-03 

9 

2 2.899E-03 

9 

5 

9.423E-02 

9 

6 

2.619E-02 

9 

7 1.073E-02 

9 

10 

2.651E-02 

9 

11 

2.462E-03 

9 

12 9.289E-03 

9 

15 

1.999E-03 

9 

16 

5.189E-02 

9 

17 1.177E-01 

10 

4 

1.066E-01 

10 

5 

2.639E-01 

10 

6 4.767E-02 

10 

10 

1.842E-03 

10 

11 

2.221E-02 

10 

12 1.0926-02 

10 

15 

1.188E-03 

10 

16 

1.529E-03 

10 

17 1.059E-01 

11 

2 

2.245E-04 

11 

3 

S.422E-04 

11 

4 7.679E-03 

11 

7 

2.125E-02 

11 

8 

2.682E-02 

11 

9 7.368E-03 

11 

12 

1.179E-02 

11 

13 

1.601E-02 

11 

14 9.282E-03 

11 

17 

2.478E-02 

11 

18 

1.150E-01 

11 

19 3.166E-03 

12 

6 

8.011E-03 

12 

7 

2.178E-01 

12 

8 2.616E-01 

12 

12 

1.370E-02 

12 

13 

1. 0386-02 

12 

14 1.144E-02 

12 

17 

5.75SE-03 

12 

18 

1.S38E-02 

12 

19 9.503E-02 

13 

7 

4.955E-03 

13 

8 

2.330E-01 

13 

9 2.522E-01 

13 

12 

6.402E-04 

13 

13 

7.041E-03 

13 

14 2.764E-04 

13 

18 

5.836E-03 

13 

19 

4.587E-02 

14 

6 S.767E-04 

14 

8 

4.951E-02 

14 

9 

3.759E-04 

14 

10 2.299E-01 

14 

13 

3.778E-02 

14 

14 

4.100E-04 

14 

15 1.029E-02 

14 

18 

1.280E-02 

14 

19 

l.lOOE-02 

15 

6 9.381E-04 

15 

9 

7.132E-02 

16 

10 

1.560E-01 

15 

11 2.100E-01 

15 

14 

T.912E-04 

15 

16 

3.713E-03 

15 

17 6.440E-03 

16 

6 

1.202E-04 

16 

7 

1.720E-03 

16 

8 3.403E-04 

16 

11 

6.016E-02 

16 

12 4.443E-02 

16 

13 1.331E-01 

16 

16 

3.836E-03 

16 

17 

3.492E-03 

16 

18 4.125E-03 

17 

10 

2.998E-02 

17 

11 3.679E-02 

17 

12 3.610E-02 

17 

IS 

5.3626-02 

17 

16 

1.268E-01 

17 

17 1.73SE^2 

18 

7 

1. 2276-04 

18 

8 

4.722E-04 

18 

9 1.124E-03 

18 

12 

3.762E-03 

16 

13 

8.621E-02 

18 

14 6.917E-02 

18 

17 

1.678E-01 

18 

18 

5.230E-02 

19 

8 3.6S1E-04 

19 

12 

6.207E-03 

19 

13 

3.946E-02 

19 

14 3.596E-02 


CROSS-SECTIOHS ASSUMED TO BE THE SAME AS FOB X-B 
ELECTRON ENERGY* 2.05 2.59 3.88 


0 3 1.897E-01 0 4 1.304E-01 

0 8 8.537E-03 0 9 2.978E-03 

1 3 1.090E-02 1 4 7.699E-02 

1 86. 863E-02 1 93. 678E-02 

2 0 2.739E-01 2 1 1.263E-02 

2 S 3.454E*04 2 6 2.816E-02 

2 10 4.217E-02 2 11 1.476E-02 

3 0 2.110E-01 3 1 4.466E-02 

3 5 8.135E-02 3 6 4.921E-02 

3 10 1.179E-01 3 11 7.927E-02 

3 16 1.969E-03 3 17 2.360E-04 

4 3 5.468E-02 4 4 7.808E-02 

4 8 3.954E-02 4 9 2.300E”03 

4 13 6.142E-02 4 14 1.524E-04 

4 18 1.643E-04 4 19 1.416E-04 

6 3 9.172E-02 6 4 1.427E-04 

6 8 1.674E-02 5 9 4.537E-02 

5 14 2.914E-02 S 15 8.684E-04 

6 1 1.359E-01 6 2 1.696E-01 

6 6 3.357E-03 6 7 4.840E-02 

6 11 8.087E-03 6 12 8.612E-03 

6 16 5.028E-03 6 17 6.864E-03 

7 1 6.621E-02 7 2 1.997E-01 

7 6 5.970E-02 7 7 1.205E-02 

7 11 1.802E-02 7 12 1.626E-02 

7 16 7.417E-03 7 17 1.839E-02 

8 1 1.307E-02 8 2 1.197E-01 

8 6 3.963E-03 8 7 3.053E-02 

8 11 6.858E-03 8 12 3.060E-03 

8 16 9.138E-02 8 17 3.263E-03 

9 36. 683E-02 9 42, 357E-0 1 

9 8 4.088E-02 9 9 3.076E-03 
9 13 2.262E-02 9 14 3.273E-04 
9 19 3.142E-02 10 3 5.339E-03 

10 7 3.430E-02 10 9 3.080E-02 
10 13 9.910E-04 10 14 1.444E-02 

10 18 4.941E-02 10 19 1.990E-02 

11 5 1.488E-01 11 6 2.729E-01 

11 10 2.274E-02 11 11 7.674E-04 

11 16 1.739E-02 11 16 2.068E-04 

12 4 1.740E-03 12 5 6.393E-03 
12 9 6.698E-03 12 10 2.786E-02 

12 15 7.056E-03 12 16 1.222E-02 

13 6 3.214E-03 13 6 1. 5016*02 
13 10 6.576E-04 13 11 3.209E-02 

13 15 7.066E-03 13 17 1.549E-02 

14 6 1.7546-03 14 7 4.791E-03 
14 11 2.551E-02 14 12 2.676E-02 

14 16 1.588E-03 14 17 1.967E-03 

15 7 5.386E-03 15 8 3.030E-03 
15 12 4.166E-02 16 13 5.199E-02 

15 18 8. 7206-04 15 19 1.529E-02 

16 0 2.191E-02 16 10 8.807E-02 

16 14 1.157E-01 16 16 7.366E-02 

17 7 6.160E-04 17 9 6.856E-03 
17 is 1.144E-01 17 14 3*202E-02 

17 18 1.5866-03 17 19 2.83SEr03 

18 10 4.144E-03 18 11 3^253E-02 

18 15 3.329E-02 18 16 4.071E-03 

19 10 7.526E-04 19 11 1.653E-02 
19 15 4. 9426-02 19 16 1.8206-02 
OF CRANDALL ETAL 

5.18 6.47 9.71 12.95 19.42 


CROSS SECTION « 2.950E-16 2.830E-16 2.380E-16 1.900E-16 1.550E-16 l.lOOE-16 8.900E-17 6.800E-17 
RADIATIVE TRANSITION PROBABILITY* O.OOOE-H)0 
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IQRD* 5 


N2+JDI 

LOVER STATEi 

■ * 

2 UPPER STATE- 4 NUMBER 

0 

0 

2.625E-06 

0 

2 

3.782E-04 

0 

3 

1.989E-03 

1 

1 

3.153E-04 

1 

2 

2.208E-03 

1 

3 

0.628E-03 

2 

1 

1 . 156E-03 

2 

2 

6.808E-03 

2 

3 

2.286E-02 

3 

0 

2.676E-04 

3 

1 

2.992E-03 

3 

2 

1.475E-02 

4 

0 

6.370E-04 

4 

1 

6.138E-03 

4 

2 

2.518E-02 

4 

6 

3.501E-02 

6 

0 

1.282E-03 

5 

1 

1.063E-02 

5 

4 

4.737E-02 

5 

5 

7.281E-03 

6 

0 

2.267E-03 

6 

3 

S.632E-02 

6 

4 

2.363E-02 

6 

5 

2.567E-04 

7 

2 

4.982E-02 

7 

3 

4.401E-02 

7 

4 

6.369E-03 

8 

1 

2.793E-02 

8 

2 

5.016E-02 

8 

3 

2.876E-02 

9 

0 

7.306E-03 

9 

1 

3.282E-02 

9 

2 

4.629E-02 

9 

5 

2.972E-02 

10 

0 

9.470E-03 

10 

1 

3.634E-02 

10 

4 

1.062E-02 

10 

6 

2.806E-02 

11 

0 

1.169E-02 

11 

3 

6.495E-04 

11 

4 

1.808E-02 

11 

6 

2.041E-02 

CROSS-SECTIONS ASSUMED 

TO BE THE SAXE AS FOR X-B 


ELECTRON ENERGY- 6.29 6.67 10.01 

CROSS SECTION « 2.950E-16 2.830E-16 2.380E-16 1 


OF CAROS- 14 


0 

4 

7.451E-03 

0 

5 

2.116E-02 

1 

4 

2.820E-02 

1 

5 

6.006E-02 

2 

4 

6.450E-02 

2 

5 

8.260E-02 

3 

3 

4.141E-02 

3 

4 

6.928E-02 

4 

3 

6.661E-02 

4 

4 

6.688E-02 

5 

2 

3.603E-02 

5 

3 

6.105E-02 

6 

1 

1.617E-02 

6 

2 

4.487E-02 

7 

0 

3.621E-03 

7 

1 

2.217E-02 

7 

5 

9.586E-03 

8 

0 

5.322E-03 

8 

4 

5.422E-02 

8 

5 

2.267E-02 

9 

3 

1.493E-03 

9 

4 

3.046E-03 

10 

2 

3.939E-02 

10 

3 

5.296E-03 

11 

1 

3.827E-02 

11 

2 

3.098E-02 

0 

1 

4.563E-05 

1 

0 

2.100E-05 

OF 

CRANDALL ETAL 



13.35 16.68 


25.02 


900E-16 1.550E-16 l.lOOE-16 8.900E-17 6.800E-17 


RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 
lORD- 6 

N2+JDI LOWER STATE- 3 DPPER STATE- 4 NUMBER OF CARDS- 43 


0 

7 

1.400E-04 

0 

8 

6.043E-04 

0 

9 

7.837E-03 

0 

10 

2.271E-02 

0 

11 

5.541E-02 

0 

12 

1.799E-01 

0 

13 

2.263E-01 

0 

14 

1.314E-01 

0 

15 

4.570E-02 

1 

6 

2.347E-04 

1 

7 

9.487E-04 

1 

8 

3.397E-03 

1 

9 

2.759E-02 

1 

10 

S.842E-02 

1 

11 

9.454E-02 

1 

12 

6.349E-02 

1 

13 

4.704E-03 

1 

14 

1.817E-01 

1 

15 

2.540E-01 

1 

16 

1.953E-02 

1 

17 

4.728E-04 

2 

5 

2.643E-04 

2 

6 

1.016E-03 

2 

7 

3.458E-03 

2 

8 

1.021E-02 

2 

9 

6.059E-02 

2 

10 

7.S33E-02 

2 

11 

7.295E-02 

2 

13 

4.086E-02 

2 

14 

1.873E-02 

2 

15 

4.644E-02 

2 

16 

2.376E-01 

2 

17 

1.340E-03 

2 

18 

1.174E-03 

3 

4 

2.611E-04 

3 

5 

9.672E-04 

3 

6 

3.154E-03 

3 

7 

8.963E-03 

3 

8 

2.160E-02 

3 

9 

6.202E-02 

3 

10 

5.959E-02 

3 

11 

2.S42E-02 

3 

12 

2.943E-02 

3 

13 

S.398E-02 

3 

14 

2.494E-02 

3 

15 

7.028E-02 

3 

16 

2.159E-01 

3 

17 

4.280E-02 

3 

18 

6.927E-03 

3 

19 

1.089E-03 

4 

3 

2.491E-04 

4 

4 

9.037E-04 

4 

5 

2.846E-03 

4 

6 

7.804E-03 

4 

7 

1.832E-02 

4 

8 

3.544E-02 

4 

9 

5.343E-02 

4 

10 

2.664E-02 

4 

11 

S.688E-04 

4 

12 

4.220E-02 

4 

13 

1.237E-02 

4 

14 

4.767E-02 

4 

15 

2.575E-03 

4 

16 

1.230E-02 

4 

17 

3.780E-01 

4 

18 

3.457E-02 

4 

19 

2.702E-04 

5 

2 

2.367E-04 

5 

3 

8.676E-04 

5 

4 

2.671E-03 

5 

5 

7.086E-03 

5 

6 

1.615E-02 

5 

7 

3.080E-02 

5 

8 

4.649E-02 

5 

9 

2.979E-02 

5 

10 

3.001E-03 

5 

11 

8.579E-03 

5 

12 

1.776E-02 

5 

13 

1.744E-03 

5 

14 

1.063E-02 

5 

15 

1.880E-02 

5 

16 

1.431E-02 

5 

17 

1.539E-01 

5 

18 

4.112E-01 

5 

19 

3.821E-02 

6 

1 

2.178E-04 

6 

2 

8.595E-04 

6 

3 

2.654E-03 

6 

4 

6.865E-03 

6 

5 

1.616E-02 

6 

6 

2.822E-02 

6 

7 

4.267E-02 

6 

8 

4.771E-02 

6 

9 

6.8S3E-03 

6 

10 

2.823E-03 

6 

11 

2.488E-02 

6 

12 

1.644E-04 

6 

13 

1.976E-02 

6 

14 

2.6S8E-03 

6 

15 

3.042E-02 

6 

16 

3.599E-02 

6 

17 

1.76SE-02 

6 

18 

1.712E-01 

7 

0 

1.727E-04 

7 

1 

8.435E-04 

7 

2 

2.765E-03 

7 

3 

7.111E-03 

7 

4 

1.S26E-02 

7 

5 

2.754E-02 

7 

6 

4.079E-02 

7 

7 

4.643E-02 

7 

8 

3.489E-02 

7 

9 

3.820E-04 

7 

10 

1.705E-02 

7 

11 

2.399E-02 

7 

12 

8.803E-03 

7 

13 

2.183E-02 

7 

14 

1.994E-02 

7 

15 

6.925E-03 

7 

16 

7.100E-03 

7 

17 

9,688E-04 

7 

18 

6.941E-03 

7 

19 

3.421E-01 

8 

0 

2.867E-03 

8 

1 

8.360E-03 

8 

2 

1.825E-02 

8 

3 

3.094EH)2 

8 

4 

4.274E-02 

8 

5 

4.639E-02 

8 

6 

3.S93E-02 

8 

7 

1.472E-02 

8 

8 

3.228EH)4 

8 

9 

2.106E-02 

8 

10 

1.145E-02 

8 

11 

1.462E-04 

8 

12 

1.049E-02 

8 

13 

l.lOTE-^3 

8 

14 

9.045E-04 

8 

15 

1.486E-02 

8 

16 

1.706E-02 

8 

17 

1.621E-02 

8 

18 

1.177E-02 

8 

19 

7.529E-03 

9 

0 

9.386E-03 

9 

1 

2.003E-02 

9 

2 

3.486E-02 

9 

3 

4.671E-02 

9 

4 

4.740E-02 

9 

5 

3.498E-02 

9 

6 

1.414E-02 

9 

7 

4.308E-04 

9 

8 

6.384E-03 

9 

9 

1.362E-02 

9 

10 

^.217E*04 

9 

11 

9.246E-03 

9 

12 

1.145E-04 

9 

13 

1.121E-02 

9 

14 

6.186E--03 

9 

15 

9.625E-03 

9 

16 

7.202E-03 

9 

17 

3.854E-04 

9 

18 

1.447E-02 

9 

19 

l,089£-02 

10 

0 

2.588E-02 

10 

1 

3.808E-02 

10 

2 

5.164E-02 

10 

3 

4.874E-02 

10 

4 

3.393E-02 

10 

5 

1.229E^02 

10 

6 

;2.351£-04 

10 

7 

6.373E-03 

10 

8 

1.858E^2 

10 

9 

1.047E-03 

10 

10 

5.866E-03 

10 

11 

i.372R-02 

10 

12 

S.994E-03 

10 

13 

9.979E-03 

10 

14 

1^18^-02 

10 

16 

4.727E-04 

10 

17 

7.276E-03 

10 

18 

7.282E-04 

10 

19 

1.407E^2 11 

b 

i:il3E-01 

11 

1 

8p3S2E-02 

ii 

2 

3.960£^02 

11 

3 

7.436E-03 

11 

5 

9.672£H>3 

11 

"8 

1.900E-02 

11 

7 

1.508E-02 

11 

8 

1.939E-03 

11 

9 

1.243E-02 

11 

10 

S.944E-03 

11 

11 

6.697E-04 

11 

12 

2.967E-03 

11 

13 

3.581E-03 

11 

14 

8.869E-04 

11 

IS 

8.174E^03 

11 

16 

6.102E-03 

11 

17 

5.154E-04 

11 

18 

8.523E-0S 

12 

0 

1.993E-01 

12 

1 

1.168E>03 

12 

2 

4.138E-04 

12 

3 

2.162E-02 

12 

4 

1.619E^02 

12 

5 

1.6S4E-02 

12 

6 

6.967E-04 

12 

7 

2.334E-03 

12 

8 

1.279E-02 

12 

10 

6.565E-03 

12 

11 

6.843E-03 

12 

12 

6.989E-03 

12 

13 

2.334E-03 

12 

14 

4.345E-03 

12 

15 

2.758E-03 
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CROSS-SECTIONS ASSUKEDTO BE THE SAME AS FOR X-B OF CRANDALL ET AL 

ELECTRON ENERGY- 3.23 4.08 6.13 8.17 10.21 15.31 20.42 30.62 
CROSS SECTION « 2.050E-16 2.830E-16 2.380E-16 l.OOOE-16 1.550E-16 l.lOOE-16 8.900E-17 6.800E-17 
RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 


MOLECULAR BAND NAHE-N2 MOLECULAR WEIGHT- 28.010 

NUMBER OF ELECTRON- IMPACT DISSOCIATION CROSS-SECTION SET- 4 
NUMBER OF ELECTRON- IMPACT EXCITATION CROSS-SECTION SET - 6 


NUMBER OF 

ELECTRONIC 

LEVELS 



- 5 



NUMBER OF 

LEVELS IN 

QUASI-STEADY-STATE CALC. 

* 4 



DEGEN 

TERM 

WE 

WEXE 

WEYE 

WEZE 

BE 

ALPHA 

1.000 

0.000 

2358.027 

14.135 

-0.018 

0.000 

1.99800 

1.772E-02 

3.000 

49754.800 

1460.518 

13.831 

0.006 

0.002 

1.45455 

1.801E-02 

6.000 

59306.800 

1733.391 

14.122 

-0.057 

-0.004 

1.63740 

1.791E-02 

2.000 

68951.200 

1694.208 

13.949 

0.008 

0.000 

1.61688 

1.793E-02 

6.000 

88977.900 

2047.178 

28.445 

2.088 

0.535 

1.82473 

1.868E-02 


DISSOCIATED STATE 

N 4S ATOM. WT.- 14.010 DISSOC. ENERGY- 78720. CM-1 STATISTICAL WT.= 4.0 

N 4S ATOM. WT.- 14.010 DISSOC. ENERGY- 78720. CM-1 STATISTICAL WT.- 4.0 

ELECTRON-IMPACT DISSOCIATION CROSS-SECTIONS 

CROSS-SECTIONS ASSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET AL 

DISSOCIATION ENERGY - 78734.0 CM-1 

ELECTRON ENERGY- 0.76 10.62 13.27 15.93 19.91 26.55 34.51 47.78 

CROSS SECTION « O.OOOE+00 5.400E-18 2.250E-17 2.990E-17 2.410E-17 1.560E-17 1.200E-17 7.600E-18 

CROSS-SECTIONS ASSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET AL 
DISSOCIATION ENERGY « 78734.0 CH-1 

ELECTRON ENERGY- 3.59 3.91 4.88 5.86 7.32 9.77 12.70 17.58 

CROSS SECTION - O.OOOE+00 5.400E-18 2.250E-17 2.990E-17 2.410E-17 1.S60E-17 1.200E-17 7.600E-18 

CROSS-SECTIONS ASSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET AL 
DISSOCIATION ENERGY - 107569.0 CM-1 

ELECTRON ENERGY- 5.98 6.51 8.13 9.76 12.20 16.27 21.15 29.28 

CROSS SECTION » O.OOOE+00 6.400E-18 2.250E-17 2.990E-17 2.410E-17 1.560E-17 1.200E-17 7.600E-18 

CROSS-SECTIONS ASSUMED SAME AS FOR N2 1-3 OF CARTWRIGHT ET AL 
DISSOCIATION ENERGY - 126787.0 CM-1 

ELECTRON ENERGY- 7.17 7.80 9.75 11.70 14.62 19.60 25.35 35.10 

CROSS SECTION - O.OOOE+00 5.400E-18 2.250E-17 2.990E-17 2.410E-17 1.S60E-17 1.200E-17 7.600E-18 


FRANCK-CONDON FACTOR DATA 
lORD- 7 

N2 VK LOWER STATE- 1 UPPER STATE- 2 NUMBER OF CARDS- 72 


0 

0 

5.900E-04 

0 

1 

5.337E-03 

0 

2 2.286E-02 

0 

3 

6.167E-02 

0 

4 

1.176E-01 

0 

5 

1.688E-01 

0 

6 

1.894E-01 

0 

7 1.704E-02 

0 

8 

1.250E-01 

0 

9 

7.678E-02 

0 

10 

3.828E-02 

0 

11 

1.621E-02 

0 

12 5.780E-03 

0 

13 

1.738E-03 

0 

14 

4.411E-04 

1 

0 

3.319E-03 

1 

1 

2.278E-02 

1 

2 6.919E-02 

1 

3 

1.193E-01 

1 

4 

1.216E-01 

1 

5 

6.383E-02 

1 

6 

6.2S6E-03 

1 

7 1.395E-02 

1 

8 

7.866E-02 

1 

9 

1.370E-01 

1 

10 

1.450E-01 

1 

11 

l.lOOE-01 

1 

12 6.404E-02 

1 

13 

2.963E-02 

1 

14 

l.llOE-02 

2 

0 

9.976E-03 

2 

1 

5.08SE-02 

2 

2 1.035E-01 

2 

3 

9.732E-02 

2 

4 

2.922E-02 

2 

5 

2.161E-03 

2 

6 

6.473E-02 

2 

7 8.924E-02 

2 

8 

4.616E-02 

2 

9 

8.840E-04 

2 

10 

2.955E-02 

2 

11 

l.OOlE-01 

2 

12 1.378E-01 

2 

13 

1.196E-01 

2 

14 

7.472E-02 

3 

0 

2.133E-02 

3 

1 

7.850E-02 

3 

2 9.768E-02 

3 

3 

3.326E-02 

3 

4 

2.539E-03 

3 

5 

6.617E-02 

3 

6 

6.391E-02 

3 

7 8.564E-03 

3 

8 

1.697E-02 

3 

9 

7.318E-02 

3 

10 

6.181E-02 

3 

11 

7.600E-03 

3 

12 1.520E-02 

3 

13 

8.383E-02 

3 

14 

1.315E-01 

4 

0 

3.642E-02 

4 

1 

9.328E-02 

4 

2 5.998E-02 


3 

3.714E-04 

4 

4 

4^107E-02 

4 

5 

5.758E-02 

4 

6 

4.62SE-03 

4 

7 2.554E-02 


6 

6.331E-02 

4 

9 

i.916E-02 

4 

10 

7.127E-03 

4 

11 

6.276E-02 

4 

12 6.314E-02 

4 

13 

9.383E-03 

4 

14 

i.379E-02 

5 

0 

5.290E-02 

6 

1 

8.962E-02 

5 

2 2.011E-02 

5 

3 

1.465E-02 

5 

4 

5.868E-02 

5 

5 

1.223E-02 

5 

6 

1.688E-02 

5 

7 5.462E-02 

5 

8 

1.065E-02 

6 

9 

1.643E-02 

5 

10 

6.871E-02 

5 

11 

2.016E-02 

5 

12 6.585E-03 

5 

13 

6.143E-02 

5 

14 

5.832E-02 

6 

0 

6.799E-02 

6 

1 

7.082E-02 

6 

2 8.381E-04 

6 

3 

4.233E-02 

6 

4 

3.400E-02 

6 

5 

2.630E-03 

6 

6 

4.768E-02 

6 

7 1.641E-02 

6 

8 

1.163E-02 

6 

9 

5.00BE-02 

6 

10 

9.734E-03 

6 

11 

1.729E-02 

6 

12 5.579E-02 

6 

13 

1.4S7E-02 

6 

14 

1.131E-02 

7 

0 

7.939E-02 

7 

1 

4.539E-02 

7 

2 5.264E-03 

7 

3 

5.154E-02 

7 

4 

6.402E-03 
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7 5 2.805E-02 7 6 3.237E-02 7 7 1.710E-03 

7 10 1.409E-02 7 11 4.635E-02 7 12 4.785E-02 

8 0 8.588E-02 8 1 2.205E-02 8 2 2.231E-02 

8 6 4,203E“02 8 6 4.185E-03 8 7 2.701E-02 

8 10 4.148E-02 8 11 6.297E-03 8 12 2.185E-02 

9 0 8.730E-02 9 1 6.435E-03 9 2 3.838E-02 

9 5 2.890E-02 9 6 3.763E-03 9 7 3.696E-02 

9 10 1.692E-02 9 11 1.083E-02 9 12 3.765E-02 

10 0 8.434E-02 10 1 2,053E-04 10 2 4.627E-02 

10 6 8.054E-03 10 6 2.242E-02 10 7 1.837E-02 

10 10 5.291E-04 10 11 3.475E-02 10 12 6.380E-03 

11 0 7.812E-02 11 1 2.015E-03 11 2 4.180E-02 

11 5 1.684E-05 11 6 3.257E-02 11 7 1.243E-03 

11 10 l«963E-02 11 11 1.892E-02 11 12 7.224E-03 

12 0 6.988E-02 12 1 9.015E-03 12 2 3.141E-02 

12 5 7.426E-03 12 6 2.478E-02 12 7 4.205E-03 

12 10 2.962E-02 12 11 2.697E-04 12 12 2.853E-02 

13 0 6.071E-02 13 1 l,817E-02 13 2 1.899E-02 

13 6 2.003E-02 13 6 9.630E-03 13 7 1.809E-02 

13 10 1.519E-02 13 11 9.782E-03 13 12 2.152E-02 

14 0 6.149E-02 14 1 2.707E-02 14 2 8.494E-03 

14 6 2.732E-02 14 6 5,698E-04 14 7 2.605E-02 

14 10 9.608E-04 14 11 2.437E-02 14 12 2.B27E-03 

15 0 4,280E-02 15 1 3.418E-02 15 2 2.038E-03 

15 5 2.560E-02 15 6 2.212E-03 15 7 2.191E-02 

15 10 3,825E*03 15 11 2,086E-02 15 12 2.852E-03 

2 15 3.567E-02 2 16 1.342E-02 2 17 4.046E-03 

3 17 3.543E-02 3 18 1.287E-02 3 19 3.690E-03 

4 17 1.152E-01 4 18 6.961E-02 4 19 3.095E-02 

5 17 9.210E-02 5 18 1.304E-01 6 19 1.066E-01 

6 17 1.141E-03 6 18 3.366E-02 6 19 1.068E-01 

6 21 9.341E-02 6 22 4.662E-02 6 23 1.704E-02 

7 15 6.143E-03 7 16 2.227E-02 7 17 6.887E-02 

7 22 1.217E-01 7 23 7.625E-02 7 24 3.334E-02 

8 16 4.227E-02 8 18 3.936E-02 8 19 6.567E-02 

8 22 8.420E-02 8 23 1.305E-01 8 24 1.069E-01 

9 15 2.810E-02 9 16 2.261E-03 9 17 4.748E-02 

9 20 5.775E-02 9 21 5.110E-02 9 22 1.516E-03 

9 25 1.284E-01 9 26 8.S75E-02 9 27 3,813E-02 

10 17 1.221E-02 10 18 l,464E-02 10 19 6.044E-02 

10 23 2.717E-02 10 25 7.141E-02 10 26 1.302E-01 

11 16 1.235E-02 11 17 1.382E-02 11 18 3.941E-02 

11 23 4.661E-02 11 24 5.915E-02 11 26 2.730E-02 

12 16 6.000E-03 12 17 3.626E-02 12 19 3.137E-02 

12 23 1.619E-02 12 24 1.223E-02 12 25 6.568E-02 

13 18 2.180E-02 13 19 2.293E-02 13 21 4.054E-02 

13 26 4.106E-02 13 27 6,174E-02 14 IS 1.686E-02 

14 20 3.395E-02 14 22 2.30SE-02 14 23 3.004E-02 

15 16 2.563E-02 16 17 2.719E-02 16 19 2.416E-02 
15 22 2.799E-02 16 24 3.891E-02 15 26 2.121E-02 

CROSS-SECTXOKS FROM CARTWRIGHT 
ELECTROM ENERGY- 6.17 7.00 9.00 

CROSS SECTION « O.OOOE-fOO 3.000E-18 9.400E-18 1 
RADIATIVE TRANSITION PROBABILITY- O.OOOE400 
IORD- 8 

N2 6X LOWER STATE- 1 UPPER STATE- 3 NUMBER 
0 0 6.117E-02 0 1 1.9Q9E-01 0 2 2.76SE*01 

0 5 6.18SE-02 0 6 l.$^53E-02 0 7 4.SS5E-03 

1 1 1.921E-01 1 2 4.450E-02 1 3 1.658E-02 

1 6 1.609E-01 1 7 6.917E-02 1 8 2.138E;^2 

2 0 1.999E-01 2 1 6.307E-02 2 2 2.445E-02 

2 6 1.167E-02 2 6 1.314E-01 2 7 1.908E-01 

2 10 1.434E-02 2 11 1.996E-04 3 0 1.969E-01 

3 3 3.337E-02 3 4 3.276E-02 3 6 1.086E-01 

3 8 1.647E-01 3 9 1.769E-01 3 10 1.006E-01 


7 8 4.308E-02 7 9 1.3081-02 

7 13 2.447E-02 7 14 6.170L-02 

8 3 3.803E-02 8 4 1.933E-03 

8 8 2.572E-02 8 9 4.073E-03 

8 13 4.002E-02 8 14 3.600E-04 

9 3 1.651E-02 9 4 1.815E-02 

9 8 8.855E-04 9 9 3.109E-02 

9 13 6.326E-04 9 14 3.284E-02 

10 3 2.254E-03 10 4 3.349E-02 

10 8 9.744E-03 10 9 3.026E-02 

10 13 2.218E-02 10 14 2.757E-02 

11 3 9.890E-04 11 4 3.630E-02 

11 8 2.835E-02 11 9 7.166E-02 

11 13 3.197E-02 11 14 5.829E-06 

12 3 9.423E-03 12 4 2.493E-02 

12 8 2.719E-02 12 9 9.855E-04 

12 13 5.872E-03 12 14 2.016E-02 

13 3 2.061E-02 13 4 1.116E-02 

13 8 1.114E-02 13 9 1.477E-02 

13 13 3.791E-03 13 14 2.831E-04 

14 3 2.870E-02 14 4 1.925E-03 

14 8 4.334E-04 14 9 2.527E-02 

14 13 2.209E-02 14 14 7.438E-03 

15 3 3.106E-02 16 4 2.871E-04 

15 8 3.623E-03 15 9 2.041E-02 

15 13 2.288E-02 IS 14 1.148E-03 

3 16 1.197E-01 3 16 7.643E-02 

4 16 8.294E-02 4 16 1.299E-01 

6 16 6.905E-03 6 16 1.982E-02 

6 15 6.531E-02 6 16 4.826E-02 

6 20 1.289E-01 5 20 0.000E4K)0 

6 24 4.706E-03 7 20 O.OOOE+00 

7 18 3.476E-02 7 21 O.OOOE+00 

7 25 1.070E-02 8 15 3.610E-03 

8 20 1.463E-02 8 21 O.OO0E-«^OO 

8 25 5.701E-02 8 26 0.000E-*-00 

9 18 2.603E-02 9 19 3.787E-03 

9 23 3.663E-02 9 24 O.OOOE+00 

10 15 1.944E-03 10 16 4.137E-02 
10 21 2.086E-02 10 22 O.OOOE+00 

10 27 1.136E-01 11 15 3.333E-02 

11 20 3.440E-02 11 21 O.OOOE+00 

11 27 1.082E-01 12 15 1.998E-02 

12 20 2.308E-02 12 22 O.OOOE^OO 

12 26 3.347E-02 13 16 3.060E-02 

13 23 2.521E-02 13 24 O.OOOE+00 

14 16 1.609E-02 14 18 2.250E-02 
14 25 4.613E-02 14 26 O.OOOE^-OO 
16 20 1.140E-02 16 21 O.OOOE+OO 
16 27 4.601E-02 16 21 O.OOOE^-OO 

11.00 14.00 17.00 20.00 26.00 

.480E-17 2.040E-17 2.260E-17 1.830E-17 1.130E-17 


OF CARDS- 28 ; 

0 3 2.416E-01 0 4 1^^42E-01 

0 8 7.694E-04 1 0 1^4876-01 

1 4 1.444E-01 1 5 2.072E-01 

1 9 4.492E-03 1 10 6.123E-04 

2 3 1.293E-01 2 4 4.565E-02 

2 8 1.322E-01 2 9 5.475E-02 

3 1 1.978E-04 3 2 1.039E-01 

3 6 2.046E-02 3 7 3.142E-02 

3 11 6.368E-03 3 12 6.241E-04 


4 
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4 

0 

1.585E-01 

4 

1 

3.398E-02 

4 

2 7.628E-02 

4 

3 

9.215E-03 

4 

4 

8.940E-02 

4 

5 

4.742E-03 

4 

6 

6.269E-02 

4 

7 8.009E-02 

4 

8 

5.373E-04 

4 

9 

7.885E-02 

4 

10 

1.807E-01 

4 

11 

6.192E-02 

4 

12 1.426E-02 

4 

13 

1.602E-03 

5 

0 

1.099E-01 

5 

1 

9.570E-02 

5 

2 

1.173E-02 

5 

3 6.681E-02 

5 

4 

1.986E-02 

5 

5 

4.484E-02 

5 

6 

5.414E-02 

5 

7 

5.903E-03 

5 

8 8.773E-02 

5 

9 

3.286E-02 

5 

10 

1.764E-02 

5 

11 

1.796E-01 

5 

12 

9.843E-02 

5 

13 2.74SE-02 

5 

14 

3.671E-03 

6 

0 

6.681E-02 

6 

1 

1.298E-01 

6 

2 

7.634E-03 

6 

3 6.134E-02 

6 

4 

8.044E-03 

6 

5 

6.331E-02 

6 

6 

1.317E-03 

6 

7 

6.981E-02 

6 

8 9.108E-03 

6 

9 

4.561E-02 

6 

10 

7.154E-02 

6 

11 

8.608E-02 

6 

12 

1.876E-01 

6 

13 1.376E-01 

6 

14 

4.692E-02 

6 

15 

2.910E-04 

7 

0 

3.542E-02 

7 

1 

1.236E-01 

7 

2 6.025E-02 

7 

3 

1.155E-02 

7 

4 

5.031E-02 

7 

5 

8.094E-03 

7 

6 

6.130E-02 

7 

7 1.502E-02 

7 

8 

3.624E-02 

7 

9 

4.307E-02 

7 

10 

7.110E-03 

7 

11 

1.956E-02 

7 

12 3.391E-02 

7 

13 

1.690E-01 

7 

14 

1.718E-01 

7 

15 

1.304E-02 

7 

16 

6.258E-04 

8 

0 1.578E-02 

8 

1 

9.080E-02 

8 

2 

1.133E-01 

8 

3 

7.048E-03 

8 

4 

4.076E-02 

8 

5 1.139E-02 

8 

6 

4.011E-02 

8 

7 

1.422E-02 

8 

8 

4.374E-02 

8 

9 

4.418E-03 

8 

10 5.827E-02 

8 

11 

5.267E-02 

8 

12 

4.908E-02 

8 

13 

4.720E-03 

8 

14 

1.308E-01 

8 

15 1.030E-01 

8 

16 

2.201E-02 

8 

17 

1.265E-03 

9 

0 

5.388E-03 

9 

1 

5.162E-02 

9 

2 1.249E-01 

9 

3 

6.428E-02 

9 

4 

2.636E-03 

9 

5 

3.8S7E-02 

9 

6 

8.992E-04 

9 

7 5.011E-02 

9 

9 

4.652E-02 

9 

10 

3.142E-03 

9 

11 

2-077E-02 

9 

12 

2.099E-02 

9 

13 6.614E-02 

9 

14 

1.418E-03 

9 

15 

2.013E-01 


CROSS-SECTIONS FROM CARTWRIGHT 

ELECTRON ENERGY* 7.35 8.00 10.00 12.00 15.00 20.00 0.03 36.00 

CROSS SECTION - 0.000E-*C0 5.400E-18 2.250E-17 2.990E-17 2.410E-17 1.560E-17 1.200E-17 7.600E-18 

RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 
lORD- 9 

N2 LBH LOWER STATE- 1 UPPER STATE- 4 NUMBER OF CARDS- 38 


0 

0 

4.315E-02 

1 

0 

1.162E-01 

2 

0 1.713E-01 

3 

0 

1.835E-01 

4 

0 

1.603E-01 

5 

0 

1.214E-01 

6 

0 

8.287E-02 

7 

0 5.230E-02 

8 

0 

3.109E-02 

9 

0 

1.764E-02 

10 

0 

9.661E-03 

11 

0 

S.146E-03 

12 

0 2.684E-03 

13 

0 

1.378E-03 

0 

1 

1.517E-01 

1 

1 

1.932E-01 

2 

1 

9.677E-02 

3 

1 1.212E-02 

4 

1 

6.391E-03 

5 

1 

4.706E-02 

6 

1 

8.542E-02 

7 

1 

9.971E-02 

8 

1 9.216E-02 

9 

1 

7.346E-02 

10 

1 

S.285E-02 

11 

1 

3.530E-02 

12 

1 

2.230E-02 

13 

1 1.350E-02 

14 

1 

7.917E-03 

0 

2 

2.477E-01 

1 

2 

8.049E-02 

2 

2 

3.276E-03 

3 

2 7.654E-02 

4 

2 

9.661E-02 

5 

2 

4.668E-02 

6 

2 

4.538E-03 

7 

2 S.796E-03 

8 

2 3.372E-02 

9 

2 

6.105E-02 

10 

2 

7.378E-02 

11 

2 

7.163E-02 

12 

2 

6.044E-02 

13 

2 4.625E-02 

14 

2 

3.296E-02 

0 

3 

2.492E-01 

2 

3 

1.074E-01 

3 

3 

6.931E-02 

4 

3 5.812E-04 

5 

3 

3.392E-02 

6 

3 

7.289E-02 

7 

3 

5.658E-02 

8 

3 

1.826E-02 

9 

3 1.314E-04 

10 

3 

9.747E-03 

11 

3 

3.200E-02 

12 

3 

5.101E-02 

13 

3 

5.954E-02 

14 

3 5.797E-02 

0 

4 

1.731E-01 

1 

4 

8.732E-02 

2 

4 

8.598E-02 

3 

4 

3.606E-03 

4 

4 7.744E-02 

5 

4 

5.670E-02 

6 

4 

2.795E-03 

7 

4 

1.717E-02 

8 

4 

5.340E-02 

9 

4 5.485E-02 

10 

4 

2.795E-02 

11 

4 

4.549E-03 

12 

4 

1.158E-03 

13 

4 

1.398E-02 

14 

4 3.142E-02 

0 

5 

8.808E-02 

1 

5 

1.851E-01 

3 

5 

9.511E-02 

4 

5 

3.735E-02 

5 

5 8.364E-03 

6 

5 

6.347E-02 

7 

5 

4.694E-02 

8 

5 

4.209E-03 

9 

5 

9.234E-03 

10 

5 3.918E-02 

11 

5 

4.918E-02 

12 

5 

3.299E-02 

13 

5 

1.091E-02 

14 

5 

2.538E-04 

0 

6 3.399E-02 

1 

6 

1.762E-01 

2 

6 

6.4S1E-02 

3 

6 

6.580E-02 

4 

6 

1.689E-02 

5 

6 7.882E-02 

6 

6 

1.485E-02 

7 

6 

1.278E-02 

11 

6 

4.904E-03 

12 

6 

2.860E-02 

13 

6 4.237E-02 

14 

6 

3.472E-02 

0 

7 

1.017E-02 

1 

7 

1.032E-01 

2 

7 

1.640E-01 

4 

7 9.667E-02 

5 

7 

7.912E-03 

6 

7 

4.042E-02 

7 

7 

5.731E-02 

8 

7 

4.748E-03 

9 

7 1.687E-02 

10 

7 

4.743E-02 

11 

7 

3.446E-02 

12 

7 

S.828E-03 

13 

7 

2.321E-03 

14 

7 2.040E-02 

0 

8 

2.392E-03 

1 

8 

4.260E-02 

2 

8 

1.614E-01 

3 

8 

7.840E-02 

4 

8 3.61SE-02 

6 

8 

4.675E-02 

6 

8 

5.502E-02 

7 

8 

1.040E-03 

8 

8 

5.031E-02 

9 

8 3.869E-02 

11 

8 

1.742E-02 

12 

8 

4.169E-02 

13 

8 

3.071E-02 

14 

8 

6.695E-03 

0 

9 4.4S4E-04 

1 

9 

1.289E-02 

2 

9 

9.406E-02 

3 

9 

1.632E-01 

4 

9 

9.168E-03 

6 

9 8.536E-02 

6 

9 

2.010E-03 

7 

9 

6.755E-02 

8 

9 

1.751E-02 

9 

9 

1.174E-02 

10 

9 4.934E-02 

11 

9 2.618E-02 

13 

9 

1.758E-02 

14 

9 

3.680E-02 

1 

10 

2.968E-03 

2 

10 3.718E-02 

3 

10 

1.431E-01 

4 

10 

1.085E-01 

5 

10 

7.958E-03 

6 

10 

7.874E-02 

7 

10 1.538E-02 

8 

10 

3.144E-02 

9 

10 

5.074E-02 

10 

10 

1.843E-03 

11 

10 

2.257E-02 

12 

10 4.332E-02 

13 

10 

1.638E-02 

1 

11 

6.i66E-04 

2 

11 

1.060E-02 

3 

11 

7.S18E-02 

4 

11 1.626E-01 

5 

11 

3.911E-02 

6 

11 

S.144E-02 

7 

11 

3.210E-02 

8 

11 

6.359E-02 

9 

11 1.246E-03 

10 

11 

4.90SE-02 

11 

11 

2.898E-02 

13 

11 

2.86SE-02 

14 

11 

3.626E-02 

2 

12 2.253E-03 

3 

12 2.676E-02 

4 

12 

l.i79E-bl 

5 

12 

1.402E-01 

6 

12 

1.628E-03 

7 

12 8.854E-02 

8 

12 

1.043E-03 

9 

12 

b.308E-02 

10 

12 

1.151E-02 

11 

12 

1.839E-02 

12 

12 4.567E-02 

13 

12 

1.068E-02 

14 

12 

4.5^E-03 

3 

13 

6.824E-03 

4 

13 

5.304E-02 

5 

13 1.499E-01 

6 

13 

8.717E-02 

7 

13 

l.l9SE-02 

8 

13 

7.317E-02 

9 

13 

1.239E-02 

10 

13 3.SS5E-02 

11 

13 

4.096E-02 

13 

13 

3.303E-02 


CROSS-SECTIONS FROM CARTWRIGHT 

ELECTRON ENERGY- 8.55 9.00 11.00 13.00 16.00 18.00 22.00 30.00 
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CROSS SECTION « O.OOOE<K)0 l.>00£*-18 9.900E-18 1.800E-17 2.660E-17 2.970E-17 2.680E-17 2.040E'17 
RADIATIVE TRANSITION PROBABILITY- 5.880E-K)3 
lORO- 10 

N2 LOVER STATE- 2 UPPER STATE- 3 NUMBER OF CAROS- 36 


0 

0 

3.382E-01 

1 

0 

4.065E-01 

2 

0 

1.975E-01 

3 

0 

5.014E-02 

4 

0 

7.191E-03 

5 

0 

5.871E-04 

6 

0 

2.616E-0S 

0 

1 

3.248E-01 

1 

1 

2.310E-03 

2 

1 

2.120E-01 

3 

1 

2.987E-01 

4 

1 

1.318E-01 

5 

1 

2.729E-02 

6 

1 

2.925E-03 

7 

1 

1.613E-04 

0 

2 

1.900E-01 

1 

2 

1.032E-01 

2 

2 

1.132E-01 

3 

2 

3.868E-02 

4 

2 

2.738E-01 

5 

2 

2.107E-01 

6 

2 

6.148E-02 

7 

2 

8.462E-03 

8 

2 

5.675E-04 

9 

2 

1.719E-05 

0 

3 

8.857E-02 

1 

3 

1.782E-01 

2 

3 

1.205E-03 

3 

3 

1.623E-01 

4 

3 

1.807E-03 

5 

3 

1.808E-01 

6 

3 

2.605E-01 

7 

3 

1.065E-01 

8 

3 

1.8S7E-02 

9 

3 

1.495E-03 

10 

3 

5.241E-05 

0 

4 

3.649E-02 

1 

4 

1.450E-01 

2 

4 

7.724E-02 

3 

4 

3.227E-02 

4 

4 

1.139E-01 

5 

4 

4.780E-02 

6 

4 

8.305E-02 

7 

4 

2.706E-01 

8 

4 

1.561E-01 

9 

4 

3.420E-02 

10 

4 

3.274E-03 

11 

4 

1.318E-04 

0 

5 

1.399E-02 

1 

5 

8.647E-02 

2 

5 

1.275E-01 

3 

5 

9.050E-03 

4 

5 

8.823E-02 

5 

5 

4.262E-02 

6 

5 

1.040E-01 

7 

5 

1.916E-02 

8 

5 

2.438E-01 

9 

5 

2.029E-01 

10 

5 

5.569E-02 

11 

5 

6.299E-03 

12 

5 

2.890E-04 

0 

6 

5.147E-03 

1 

6 

4.367E-02 

2 

6 

1.127E-01 

3 

6 

6.910E-02 

4 

6 

5.227E-03 

5 

6 

1.057E-01 

6 

6 

3.171E-03 

7 

6 

1.291E-01 

8 

6 

2.766E-05 

9 

6 

1.919E-01 

10 

6 

2.402E-01 

11 

6 

8.265E-02 

12 

6 

1.099E-02 

13 

6 

6.717E-04 

0 

7 

1.851E-03 

1 

7 

2.000E-02 

2 

7 

7.496E-02 

3 

7 

1.009E-01 

4 

7 

1.798E-02 

5 

7 

3.829E-02 

6 

7 

8.078E-02 

7 

7 

6.748E-03 

8 

7 

1,169E-01 

9 

7 

1.694E-02 

10 

7 

1.299E-01 

11 

7 

2.630E-01 

12 

7 

1.140E-01 

13 

7 

1.777E-02 

14 

7 

1.044E-03 

4 

8 

6.361E-02 

6 

8 

6.967E-02 

7 

8 

3.946E-02 

8 

8 

3.633E-02 

9 

8 

7.862E-02 

10 

8 

5.219E-02 

11 

8 

7.206E-02 

12 

8 

2.688E-01 

13 

8 

1.480E-01 

14 

8 

2.702E-02 

15 

8 

1.785E-03 

16 

8 

3.480E-05 

0 

9 

2.348E-04 

1 

9 

3.589E-03 

2 

9 

2.182E-02 

3 

9 

6.406E-02 

4 

9 

8.349E-02 

5 

9 

2.454E-02 

6 

9 

1.289E-02 

7 

9 

7.733E-02 

8 

9 

8.360E-03 

9 

9 

6.773E-02 

10 

9 

3.765E-02 

11 

9 

8.779E-02 

12 

9 

2.857E-02 

13 

9 

2.575E-01 

14 

9 

1.826E-01 

15 

9 

3.902E-02 

16 

9 

2.893E-03 

17 

9 

6.131E-05 

0 

10 

8.403E-05 

1 

10 

1.463E-03 

2 

10 

1.053E-02 

3 

10 

3.917E-02 

4 

10 

7.511E-02 

5 

10 

5.820E-02 

6 

10 

2.460E-03 

7 

10 

3.833E-02 

8 

10 

6.077E-02 

9 

10 

3.194E-04 

10 

10 

8.370E-02 

11 

10 

9.012E-03 

12 

10 

1.109E-01 

13 

10 

4.687E-03 

14 

10 

2.315E-01 

15 

10 

2.154E-01 

16 

10 

5.395E-02 

17 

10 

4.480E-03 

18 

10 

1.089E-04 

0 

11 

3.038E-05 

1 

11 

5.907E-04 

2 

11 

4.885E-03 

3 

11 

2.187E-02 

4 

11 

5.S10E-02 

5 

11 

7.056E-02 

6 

11 

2.810E-02 

7 

11 

2.738E-03 

8 

11 

5.721E-02 

9 

11 

3.305E-02 

10 

11 

1.307E-02 

11 

11 

7.897E-02 

12 

11 

2.617E-05 

13 

11 

1.1S6E-01 

14 

11 

7.733E-04 

15 

11 

1.945E-01 

16 

11 

2.443E-01 

17 

11 

7.185E-02 

18 

11 

6.675E-03 

19 

11 

1.658E-04 

0 

12 

1.114E-05 

1 

12 

2.380E-04 

2 

12 

2.212E-03 

3 

12 

i.l51E-02 

4 

12 

3.S67E-02 

5 

12 

6.338E-02 

6 

12 

5.261E-02 

7 

12 

6.400E-03 

8 

12 

1.852E-02 

9 

12 

5.945E-02 

10 

12 

9.576E-03 

11 

12 

3.527E-02 

12 

12 

5.846E-02 

13 

12 

9.342E-03 

14 

12 

1.029E-01 

15 

12 

1.330E-02 

16 

12 

1.516E-01 

17 

12 

2.672E-01 

18 

12 

9.261E-02 

19 

12 

9.615E-03 

1 

13 

9.627E-05 


CROSS-SECTIONS ASSUMED SAME AS B-X OF CARTWRIGHT 

ELECTRON ENERGY- 1.18 1.29 1.61 1.93 2.42 3.22 4.19 S.80 

CROSS SECTION - O.OOOE+00 6.400E-18 2.250E-17 2.990E-17 2.410E-17 1.560E-17 1.200E-17 7.600E-18 

RADIATIVE TRANSITION PROBABILITY- 9.000E+04 
lORO- 11 


N2 AlA 

LOVER STATE 

:- : 

1 UPPER STATE 

:« 4 NUMBER 

OF 

CARDS- 24 




0 

0 

7.827E-01 

0 

1 

1.791E-01 

0 

2 3.059E-02 

0 

3 

5.717E-03 

0 

4 

6.717E-03 

0 

s 

1.303E-03 

0 

6 

3.6S6E-04 

0 

7 1.238E-04 

1 

0 

7.827E-01 

1 

1 

1.791E-01 

1 

2 

3.059E-02 

1 

3 

6.717E-03 

1 

4 5.717E-03 

1 

5 

1.303E-03 

1 

6 

3.656E-04 

1 

7 

1.238E-04 

2 

0 

2.09SE-01 

2 

1 5.035E-01 

2 

2 2.184E-01 

2 

3 

S.205E-02 

2 

4 

5.205E-02 

2 

5 

1.196E-02 

2 

6 3.080E-03.. 

2 

7 

9.274E-04 

2 

8 

3.263E-04 

2 

9 

3.263E-04 

2 

10 

1.320E-04 

3 

0 7.735E-03 

3 

1 

3.024E-01 

3 

2 

3.595E-01 

3 

3 

2.312E-01 

3 

4 

2.312E-01 

3 

5 7.099E-02 

3 

6 

1.943E*02 

3 

7 

5.626E-03 

3 

8 

1.826E-03 

3 

9. 

1.826E-03 

3 

10 6.737E-04 

3 

11 

2.808E-04 

3 

12 

1.30SE-04 

4 

0 

7.73SE-03 

4 

1 

3.024E-01 

4 

2 S.S95E-01 

4 

3 

2.312E-01 

4 

4 

2.312E-01 

4 

5 

7.099E-02 

4 

6 

1.943E-02 

4 

7 5.626E-03 

4 

8 

1.826E-03 

4 

9 

1.826E-03 

4 

10 

6.737E-04 

4 

11 

2.808E-04 

4 

12 1.305E-04. 

:6 

0 

1.179E-04 

5 

1 

1.479E-02 

5 

2 

3.693E-01 

5 

3 2.^94EH)1 

S 

4 2.694E-01 

6 

5 

2.276E-01 

5 

6 8.641E-02 

5 

7 

2.778E-02 

5 

8 

9.051EH)3 

S 

9 9.051E-03 

5 

10 3.194E-03 

5 

11 1.248E-03 

5 

12 

5.408E-04 

S 

13 

2.581E-04 

6 

1 1.910E-04 

6 

2 

2.198E-02 

6 

3 

4.228E-01 

6 

4 

4.228E-01 

6 

5 1.870E-01 

6 

6 2.121E-01 

6 

7 9.699E-02 

6 

8 

3.623E-02 

6 

9 

3.623E-02 

6 

10 

1.328E-02 

6 

11 5.125E-03 

6 

12 2.139E-03 

6 

13 9.724E-04 

6 

14 

2.558E-04 

7 

1 

1.910E-04 

7 

2 2.198E-02 

7 

3 

4.228E-01 

7 

4 4.228E-01 

7 

5 

1.870E-01 

7 

6 

2.121E-01 

7 

7 9.699E-02 

7 

8 

3.623E-02 

7 

9 

3.623E-02 

7 

10 

1.328E-02 

7 

11 

5.125E-03 

7 

12 2.139E-03 

7 

13 

9.724E-04 

7 

14 

2.558E^04 
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8 2 1.834E-04 8 3 2.866E-02 8 4 2.866E-02 

8 7 1.896E-01 8 8 1.020E-01 8 9 1.020E-01 

8 12 7.629E-03 8 13 3.421E-03 8 14 8.450E-04 

9 5 3.38SE-02 9 6 5.061E-01 9 7 9.970E-02 

9 10 1.016E-01 9 11 4.959E-02 9 12 2.280E-02 

CROSS-SECTIOKS ASSUMED SAME AS B-X OF CARTWRIGHT 
ELECTRON ENERGY- 2.38 2.59 3,24 

CROSS SECTION - O.OOOE+00 6.400E-18 2.250E-17 2. 
RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 
lORD- 12 


8 6 4.674E-01 8 6 1.355E-01 

8 10 4.380E-02 8 11 1.803E-02 

9 3 1.027E-04 9 4 1.027E-04 
9 8 1.642E-01 9 9 1.642E-01 
9 13 1.058E-02 9 14 2.605E>03 

3,88 4.88 6.47 8.42 11.65 

990E-17 2.410E-17 1.660E-17 1.200E-17 7.600E-18 


N2 AIB 
0 0 
1 
2 

3 

4 

5 
B 

6 
7 

7 

8 


LOWER STATE* 
2.005E-03 0 

2.005E-03 
3.781E-03 
S.449E-03 
9.907E-01 
1.335E-04 
6 6.927E-03 
6 6.497E-03 
3 2.431E-04 
8 8.129E-03 
8 9.826E-01 


3 UPPER STATE- 4 NUMBER OF CARDS- 11 


1 9.979E-01 0 2 2.00SE-03 

0 9.942E-01 2 1 1.966E-03 

0 3.652E-03 3 2 3.652E-'03 

6 1.042E-04 3 7 1.042E-04 

4 9.907E-01 4 5 5.449E>03 

2 1.335E-04 5 3 5.189E-03 

7 6.927E-03 6 8 1.787E-04 

6 9.848E-01 6 7 9.848E-01 

4 2.431E-04 7 5 6.497E-03 

9 2.877E-04 8 5 3.900E-04 

9 8.985E-03 9 6 5.732E-04 

CROSS-SECTION ASSUMED SAME AS B-X OF CARTWRIGHT 
ELECTRON ENERGY- 1.20 1.30 1.63 

CROSS SECTION « O.OOOE'iOO 5.400E-18 2.250E-17 2 
RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 


2.005E-03 
9.942E-01 
9.907E-01 
3.652E-03 
1.042E-04 
6.189E-03 
2.431E-04 
8 8.129E-03 
6 9.848E-01 

6 7.497E-03 

7 6.732E-04 


9.979E-01 
3.781E-03 
9.907E-01 
3.652E-03 
1.042E-04 
9.875E-01 
2.431E-04 
9 2.877E-04 
7 9.848E-01 

7 7.497E-03 

8 8.135E-03 


1.95 2.44 3.25 4.23 5.85 

990E-17 2.410E-17 1.560E-17 1.200E-17 7.600E-18 


MOLECULAR 
NUMBER OF 
NUMBER OF 
NUMBER OF 
NUMBER OF 
DEGEN 

4.000 

2.000 

4.000 

2.000 
2.000 
2.000 


BAND NAME-NO MOLECULAR WEIGHT- 30.010 
ELECTRON- IMPACT DISSOCIATION CROSS-SECTION SET- 3 
ELECTRON-IMPACT EXCITATION CROSS-SECTION SET - 3 
ELECTRONIC LEVELS « 6 


LEVELS IN QUASI-STEADY-STATE CALC. * 3 


TERM 

WE 

WEXE 

WEYE 

WEZE 

BE 

ALPHA 

60.550 

1903.855 

13.970 

-0.001 

0.000 

1.70460 

1.780E-02 

43965.699 

2371.300 

14.480 

-0.280 

0.000 

1.99520 

1.640E-02 

45932.398 

1037.680 

7.603 

0.097 

0.000 

1.12700 

1.525E-02 

52148.000 

2347.000 

0.000 

0.000 

0.000 

1.95500 

O.OOOE-i-00 

53083.000 

2327.000 

23.000 

0.000 

0.000 

1.99170 

0,QOOZ*00 

60628.500 

2373.600 

15.850 

0.000 

0.000 

1.98630 

1.820E-02 


DISSOCIATED STATE 
N 4S ATOM. WT.« 14.010 

0 3P ATOM. WT.- 16.000 


DISSOC. ENERGY- 52490. 

DISSOC. ENERGY- 52490. 


CM-1 STATISTICAL WT.» 4.0 
CM-1 STATISTICAL WT.- 9.0 


ELECTRON-IMPACT DISSOCIATION CROSS-SECTIONS 
CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAMI ET AL 
DISSOCIATION ENERGY - 52490.0 CM-1 

ELECTRON ENERGY- 6.51 6.78 7.88 10.15 13.64 18.09 22.58 28.24 

CROSS SECTION - O.OOOE'fOO 3.370E-18 1.540E-17 2.4S0E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 
CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAMI ET AL 
DISSOCIATION ENERGY - 71718.0 CM-1 

ELECTRON ENERGY- 3.44 3.58 4.16 5.37 7.16 9.56 11 ^94 14.93 

CROSS SECTION - O.OO0E<K)O 3.370E-18 1.640E-17 2.460E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 
CROSS-SECTIONS ASSUMED AS SAME FOR NO 1-2 OF IMAMI ET AL 
DISSOCIATION ENERGY - 71718.0 CM-1 

ELECTRON ENERGY- 3.20 3.33 3.87 ; 4.99 6,65' . 8,89 11.09 13.87 

CROSS SECTION « O.OOOE+00 3.370E-18 1.640E-17 2.460E*^17 2.980E-17, 3.030E-17 2.870E-17 2.700E-17 

FRANCK-CONDON FACTOR DATA 

lORD- 13 ; ' 

NO B LOWER STATE- 1 UPPER STATE- 3 . HUMBER OF CARDS- 46 " 

3 0 1.000E-03 4 0 3.000E-03 5 0 5.000E-OS 6 0 l.lOOE-02 7 0 1.700E-02 

8 0 2.200E-02 9 0 2.900E-02 10 0 3.200E-02 11 0 4.100E-02 12 0 5.100E-02 

1 1 l.OOOE-03 2 1 4.000E-03 3 1 9.000E-03 4 1 l‘700E-02 5 1 3.200E-02 
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6 

1 

4.400E-02 

7 

1 

5.900E-02 

8 

1 

6.800E-02 

» 

1 

6.000E-02 

10 

1 

5.700E-02 

11 

1 

4.800E-02 

12 

1 

3.400E-02 

0 

2 

l.OOOE-03 

1 

2 

6.000E-03 

2 

2 

1.800E-02 

3 

2 

3.800E-02 

4 

2 

5.400E-02 

5 

2 

6.900E-02 

6 

2 

7.000E-02 

7 

2 

5.300E-02 

8 

2 

3.600E-02 

9 

2 

1.900E-02 

10 

2 

6.000E-03 

11 

2 

l.OOOE-03 

12 

2 

3.000E-03 

0 

3 

5.000E-03 

1 

3 

2.400E-02 

2 

3 

4.800E-02 

3 

3 

7.600E-02 

4 

3 

7.600E-02 

5 

3 

6.700E-02 

6 

3 

3.200E-02 

7 

3 

7.000E-03 

9 

3 

1.400E-02 

10 

3 

2.000E-02 

11 

3 

3.100E-02 

12 

3 

3.800E-02 

0 

4 

1.700E-02 

1 

4 

5.100E-02 

2 

4 

8.500E-02 

3 

4 

8.400E-02 

4 

4 

4.300E-02 

5 

4 

6.000E-03 

6 

4 

l.OOOE-03 

7 

4 

2.400E-02 

8 

4 

3.400E-02 

9 

4 

4.200E-02 

10 

4 

3.400E-02 

11 

4 

2.000E-02 

12 

4 

l.OOOE-03 

0 

5 

4.100E-02 

1 

5 

9.700E-02 

2 

5 

9.200E-02 

3 

5 

3.800E-02 

4 

5 

l.OOOE-03 

5 

5 

1.200E-02 

6 

5 

3.800E-02 

7 

5 

4.600E-02 

8 

5 

2.700E-02 

9 

5 

6.000E-03 

11 

5 

5.000E-03 

12 

5 

2.600E-02 

0 

6 

8.200E-02 

1 

6 

1.170E-01 

2 

6 

4.700E-02 

4 

6 

3.000E-02 

5 

6 

6.300E-02 

6 

6 

3.500E-02 

7 

6 

S.OOOE-03 

8 

6 

2.000E-03 

9 

6 

1.800E-02 

10 

6 

3.200E-02 

11 

6 

3.100E-02 

12 

6 

l.lOOE-02 

0 

7 

1.250E-01 

1 

7 

8.800E-02 

2 

7 

2.000E-03 

3 

7 

3.300E-02 

4 

7 

6.000E-02 

5 

7 

2.400E-02 

7 

7 

2.300E-02 

8 

7 

3.800E-02 

9 

7 

3.100E-02 

10 

7 

l.OOOE-02 

12 

7 

1.300E-02 

1 

8 

2.900E-02 

2 

8 

2.100E-02 

3 

8 

6.800E-02 

4 

8 

2.100E-02 

5 

8 

4.000E-03 

6 

8 

3.100E-02 

7 

8 

3.600E-02 

8 

8 

1.400E-02 

10 

8 

1.400E-02 

11 

8 

2.800E-02 

12 

8 

2.000E-02 

0 

9 

1.670E-01 

2 

9 

7.300E-02 

3 

9 

4.200E-02 

4 

9 

3.000E-03 

5 

9 

4.600E-02 

6 

9 

3.400E-02 

7 

9 

l.OOOE-03 

8 

9 

1.300E-02 

9 

9 

3.000E-02 

10 

9 

2.700E-02 

11 

9 

9.000E-03 

12 

9 

3.000E-03 

0 

10 

1.S20E-01 

1 

10 

2.100E-02 

2 

10 

8.200E-02 

3 

10 

l.OOOE-03 

4 

10 

3.900E-02 

5 

10 

3.700E-02 

6 

10 

l.OOOE-03 

7 

10 

2.200E-02 

8 

10 

3.500E-02 

9 

10 

1.800E-02 

11 

10 

8.000S-03 

12 

10 

2.600E-02 

0 

11 

1.140E-01 

1 

11 

7.400E-02 

2 

11 

4.100E-02 

3 

11 

2.400E-02 

4 

11 

S.400E-02 

5 

11 

1.800E-02 

6 

11 

2.500E-02 

7 

11 

4.000E-02 

8 

11 

2.000E-03 

9 

11 

8.000E-03 

10 

11 

2.400E-02 

11 

11 

2.600E-02 

12 

11 

l.OOOE-03 

0 

12 

7.600E-02 

1 

12 

1.260E-01 

3 

12 

7.200E-02 

4 

12 

1.200E-02 

5 

12 

2.500E-02 

6 

12 

4.300E-02 

7 

12 

2.000E-03 

8 

12 

1.700E-02 

9 

12 

3.400E-02 

10 

12 

1.400E-02 

12 

12 

1.200E-02 

0 

13 

3.300E-02 

1 

13 

1.390E-01 

2 

13 

1.800E-02 

3 

13 

S.400E-02 

4 

13 

1.700E-02 

5 

13 

5.200E-02 

6 

13 

2.000E-03 

7 

13 

2.800E-02 

8 

13 

2.700E-02 

9 

13 

2.00QE-03 

10 

13 

1.400E-02 

11 

13 

3.200E-02 

12 

13 

7.000E-03 

0 

14 

1.600E-02 

1 

14 

1.050E-01 

2 

14 

8.200E-02 

3 

14 

9.000E-03 

4 

14 

6.600E-02 

5 

14 

1.400E-02 

6 

14 

1.800E-02 

7 

14 

3.400E-02 

9 

14 

2.100E-02 

10 

14 

2.700E-02 

11 

14 

8.000E-03 

12 

14 

8.000E-03 

0 

15 

7.000E-03 

1 

15 

6.800E-02 

2 

15 

1.260E-01 

3 

15 

1.300E-02 

4 

15 

5.600E-02 

5 

15 

l.OOOE-02 

0 

16 

2.000E-03 

1 

16 

2.800E-02 

2 

16 

1.240E-01 

3 

16 

8.600E-02 

4 

16 

S.OOOE-03 

5 

16 

6.300E-02 

6 

16 

6.000E-03 

7 

16 

3.100E-02 

8 

16 

2.200E-02 

10 

16 

2.700E-02 

11 

16 

2.200E-02 

12 

16 

l.OOOE-03 

1 

17 

1.200E-02 

2 

17 

7.700E-02 

3 

17 

1.340E-01 

4 

17 

2.900E-02 

5 

17 

5.000E-02 

6 

17 

1.800E-02 

7 

17 

4.200E-02 

9 

17 

3.200E-02 

10 

17 

1.600E-02 

11 

17 

2.000E-03 

12 

17 

3.100E-02 

1 

18 

4.000E-03 

2 

18 

5.000E-02 

3 

18 

1.150E-01 

4 

18 

7.700E-02 

5 

18 

3.000E-03 

6 

18 

6.200E-02 

7 

18 

1 .OOOE-03 

8 

18 

3.500E-02 

9 

18 

2.200E-02 

10 

18 

3.000E-03 

11 

18 

2.900E-02 

12 

18 

5.000E-03 

1 

19 

l.OOOE-03 

2 

19 

l.OOOE-02 

3 

19 

6.900E-02 

4 

19 

1.290E-01 

5 

19 

3.000E-02 

6 

19 

4.000E-02 

7 

19 

3.800E-02 

8 

19 

3.200E-02 

9 

19 

8.000E-03 

10 

19 

4.100E-02 


CROSS-SECTIONS ASSUMED TO BE SAME AS FOR NO 1-2 OF IHAMI ET AL 

ELECTRON ENERGY* 5.69 6.00 7.00 9.00 12.00 16.00 20.00 25.00 

CROSS SECTION « O.OOOE+00 3.370E-18 1.640E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 


RADIATIVE TRANSITION PROBABILITY- 1.500E<K)6 
lORO* 14 

NO G LOWER STATE* 1 UPPER STATE* 2 NUMBER OF CARDS* 38 


0 

0 

2.270E-01 

1 

0 

3.670E-01 

2 

0 2.750E-01 

3 

0 9 . 909 E -02 

.4 

0 

2.600E-02 

5 

0 

S.OOOE-03 

6 

0 

2.000E-03 

0 

1 3.050E-01 

1 

1 5.60(^-02 

2 

1 

8.700E-02 

3 

1 

2.740E-01 

4 

1 

1.930E-01 

6 

1 7.700E-02 

6 

1 l.OOOE-02 

7 

1 

l.OOOE-03 

0 

2 

2.180E-01 

1 

2 

2.400E-02 

2 

2 I. 69 OE- 9 I 

3 

2 1.0Q0E-O3 

4 

2 

1.740E-01 

5 

2 

2.700E-01 

6 

2 

l.OSOE-01 

7 

2 3.000E-02 

8 

2 3.000f(-03 

0 

3 

1.330E-01 

1 

3 

1.330E-01 

2 

3 

1.500E-02 

3 

3 l.i20E-01 

4 

3 5.300E-02 

5 

3 

4.800E-02 

6 

3 

2.340E-01 

7 

3 

1.920E-01 

8 

3 6.000E-02 

9 

3 1.600E-02 

10 

3 

3.000E-03 

0 

4 

6.S00E-02 

1 

4 

1.600E-01 

2 

4 2.000E-02 

3 

4 9.400E-02 

4 

4 

2.000E-02 

5 

4 

1.270E-01 

6 

i 6.000E-03 

7 

4 1.490E-01 

8. 

4 2.21f|-01 

9- 

4 

l.lOOE-01 

10 

4 

2.400E-02 

11 

4 

4.000E-03 

12 

4 i.OOOE -63 

0 

S 2.800E-02 

1 

S 

1.260E-01 

2 

5 

9.200E-02 

4 

5 

1.090E-01 

6 

5 1.270E-01 

7 

5 1.800E-02 

8 

5 

5.200E-02 

9 

5 

2.300E-01 

10 

5 

1.390E-01 

11 

5 6.100E-02 

12 

S 1.300E-02 

0 

6 

l.OOOE-02 

1 

6 

7.000E-02 

2 

6 

1.250E-01 

3 

6 2.600E-02 

4 

6 5^600E-02 

5 

6 

6.200E-02 

6 

6 

2.200E-02 

7 

6 

4.900E-02 

8 

6 9.300E-02 

9 

6 6.0q9E-03 

10 

6 

1.790E-01 

11 

6 

1.860E-01 

12 

6 

9.300E-02 

0 

7 3.000E-03 

1 

7 3^40^-02 

2 

7 

1.060E-01 

3 

7 

8.S00E-02 

5 

7 

8.200E-02 

6 

7 2-600Er02 

7 

7 7.70k-O2 

8 

7 

2.500E-02 
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9 7 1.060E-01 10 7 2.000E-03 11 7 1.230E-01 12 7 2.040E-01 0 8 2.009E-03 

1 8 1.300E-02 2 8 6.100E-02 3 8 l^OlOE-01 4 8 3.100E-02 6 8 2.100E-02 

6 8 9.200E-02 7 8 5.000E-03 8 8 9.200E-02 9 8 3.000E-03 10 8 9.900E-02 

2 9 2.800E-02 3 9 8.300E-02 4 9 8.300E-02 6 9 3.600E-02 7 9 6.500E-02 

8 9 1.800E-02 9 9 7.600E-02 10 9 1.600E-02 11 9 8.000E-02 12 9 6.900E-02 

1 10 3.000E-03 2 10 1,400E-02 3 10 6.000E-02 4 10 8.900E-02 5 10 2.500E-02 

7 10 6.800E-02 8 10 l.lOOE-02 9 10 3.400E-02 10 10 5.300E-02 11 10 2.600E-02 

12 10 4.500E-02 1 11 l.OOOE-03 2 11 7.000E-03 3 11 3.300E-02 4 11 6.700E-02 

5 11 7.100E-02 6 11 1.700E-02 7 11 3.000E-02 8 11 B.900E-02 9 11 3.000E-03 

10 11 6.300E-02 11 11 2.400E-02 12 11 6.600E-02 2 12 4.000E-03 3 12 1.400E-02 

4 12 4.000E-02 5 12 7.600E-02 6 12 6.500E-02 8 12 1.700E-02 9 12 4.100E-02 

10 12 2.000E-03 11 12 6.600E-02 12 12 2.000E-03 2 13 2.000E-03 3 13 7.000E-03 

4 13 3.200E-02 6 13 5.900E-02 6 13 7.400E-02 7 13 2.000E-02 8 13 4.100E-02 

9 13 6.300E-02 10 13 1.400E-02 11 13 3.200E-02 12 13 6.400E-02 2 14 l.OOOE-03 

3 14 3.000E-03 4 14 l,400E-02 5 14 3.800E-02 6 14 6.500E-02 7 14 6.100E-02 

8 14 2.100E-02 9 14 2.000E-02 10 14 5.000E-02 11 14 9.000E-03 12 14 2.900E-02 

3 15 l.OOOE-03 4 15 7«000E-03 5 15 2.400E-02 6 IS 5.600E-02 7 15 7.100E-02 

8 15 1.300E-02 9 15 8,000E-03 10 15 3.400E-02 11 16 3.500E-02 12 16 3.000E-03 

4 16 6.000E-03 5 16 l.lOOE-02 6 16 3.200E-02 7 16 5.400E-02 8 16 5.200E-02 

9 16 4.000E-03 10 16 1.200E-02 11 16 4.800E-02 12 16 1.400E-02 4 17 l.OOOE-03 

5 17 7.000E-03 6 17 1.800E-02 7 17 4.400E-02 8 17 6.200E-02 9 17 3.400E-02 

11 17 1.700E-02 12 17 3.200E-02 6 18 l.OOOE-03 6 18 6.000E-03 7 18 2.800E-02 

FROM IMAHI ET AL 

ELECTROK ENERGY- 6.44 6.67 6.69 8.49 11.32 16.13 18.89 23.62 

CROSS SECTION - O.OOOE+00 3.370E-18 1.640E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 

RADIATIVE TRANSITION PROBABILITY- 8.620E+06 
lORD- 15 

NO A-B LOWER STATE- 2 UPPER STATE- 3 NUMBER OF CARDS- 1 

0 0 O.OOOE+00 0 0 O.OOOE+00 0 0 O.OOOE+00 0 0 O.OOOE+00 0 0 O.OOOE+00 

CROSS-SECTIONS ASSUMED SAKE AS AS FOR NO 1-2 OF IMAHI ET AL 

ELECTRON ENERGY- 0.24 0.25 0.29 0.38 0.51 0.68 0.85 1.06 

CROSS SECTION - O.OOOE+00 3.370E-18 1.540E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 

RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 


MOLECULAR BAND NAME-02 MOLECULAR WEIGHT- 32.000 

NUMBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET- 0 
NUMBER OF ELECTRON- IMPACT EXCITATION CROSS-SECTION SET - 0 


NUMBER OF 

ELECTRONIC 

LEVELS 



- 5 



NUMBER OF 

LEVELS IN 

QUASI-STEADY 

-STATE CALC. 

- 0 



DEGEN 

TERM 

WE 

VEXE 

WEYE 

WEZE 

BE 

ALPHA 

3.000 

0.000 

1580.361 

12.073 

0.066 

-0.001 

1.44567 

1.679E-02 

2.000 

7918.100 

1609.300 

12.900 

0.000 

0.000 

1.42640 

1.710E-02 

1.000 

13195.220 

1432.687 

13.960 

-0.011 

0.000 

1.40042 

1.817E-02 

3.000 

36096.000 

819.000 

22.600 

0.000 

0.000 

1.06000 

O.OOOE+00 

3.000 

49802.102 

700.360 

8.002 

-0.376 

0.000 

0.81900 

l.lOOE-02 


DISSOCIATED STATE 

0 3P ATOM. WT.- 16.000 DISSOC. ENERGY- 41260. CM-1 STATISTICAL WT.- 9.0 

0 3P ATOM. WT.- 16.000 DISSOC. ENERGY- 41260. CH-1 STATISTICAL WT.« 9.0 


MOLECULAR BAND NAKE-CN MOLECULAR WEIGHT- 26.020 
NUMBER OF ELECTRON-IMPACT DISSOCIATION CROSS-SECTION SET- 3 
NUMBER OF ELECTRON- IMPACT EXCITATION CROSS-SECTION SET - 3 


NUMBER OF 

ELECTRONIC 

LEVELS 



■ ■ . 8 



NUMBER OF 

LEVELS IN QUASI-STEADY-STATE CALC. 

m 3 



DEGEN 

TERM 

WE 

WEXE 

WEYE 

WEZE 

BE 

ALPHA 

2.000 

0.000 

2068.745 

13.134 

-0.006 

0.000 

1.89900 

1.701E-02 

4.000 

9245.344 

1812.655 

12.609 

-0.012 

0.000 

1.71610 

1.708E-02 

2.000 

25751.801 

2168.610 

20.200 

0.000 

0.000 

1.97010 

2.216E-02 


DISSOCIATED STATE 

C 3P ATOM. WT.- 12.010 DISSOC. ENERGY- 63640. CM-1 STATISTICAL WT.- 9.0 

N 4S ATOM. WT.- 14.010 DISSOC. ENERGY- 63630. CH-1 STATISTICAL WT.- 4.0 
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ELECTRON-IKPACT DISSOCIATION CROSS -SEaiONS 
CROSS-SECTIONS ASSUHEO AS SAME FOR NO 1-2 OF IHAKI ET AL 
DISSOCIATION ENERGY - 63640*0 CN-1 


ELECTRON ENERGY- 7.89 8.21 0.55 

CROSS SECTION « O.OOOE^ 3.370E-18 1.540E-17 
CROSS-SECTIONS ASSUMED SAME AS SAME FOR NO 1-2 
DISSOCIATION ENERGY - 63640.0 CH-1 

ELECTRON ENERGY- 6.74 7,03 8.18 

CROSS SECTION - O.OO0E-K)O 3.370E-18 1.540E-17 
CROSS-SECTIONS ASSUMED SAME AS SAME FOR NO 1-2 
DISSOCIATION ENERGY - 63640.0 CH-1 

ELECTRON ENERGY- 4.70 4.88 5.68 

CROSS SECTION - O.OOOE+OO 3.370E-18 1.540E-17 


12.31 16.41 21.93 27.38 34.24 
2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 
OF IMAMI ET AL 

10.54 14.06 18.79 23.45 29.33 
2.460E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 
OF IMAMI ET AL 

7.32 9.76 13.04 16.28 20.36 
2.4S0E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 


FRANCK-CONDON FACTOR DATA 
lORD- 16 


CN VIO 

LOWER STATE 

1 UPPER STATE- 3 NUMBER 

OF 

CARDS- 13 




0 

0 

9.179E-01 

1 

0 

8.090E-02 

2 

0 

1.200E-03 

0 

1 

7.600E-02 

1 

1 

7.795E-01 

2 

1 

1.417E-01 

3 

1 

2.800E-03 

0 

2 

5.800E-03 

1 

2 

1.240E-01 

2 

2 

6.764E-01 

3 

2 

1.905E-01 

4 

2 

4.300E-03 

0 

3 

3.000E-04 

1 

3 

1.430E-02 

2 

3 

1.550E-01 

3 

3 

S.929E-01 

4 

3 

2.318E-01 

2 

4 

2.390E-02 

3 

4 

1.745E-01 

4 

4 

5.279E-01 

5 

4 

2.668E-01 

3 

5 

3.420E-02 

4 

5 

1.82SE-01 

5 

5 

4.824E-01 

6 

5 

2.933E-01 

4 

6 

4.520E-02 

5 

6 

1.781E-01 

6 

6 

4.583E-01 

7 

6 

3.09SE-01 

9 

6 

3.100E-03 

5 

7 

5.540E-02 

6 

7 

1.640E-01 

7 

7 

4.554E-01 

8 

7 

3.122E-0i 

10 

7 

5.000E-03 

6 

8 

6.390E-02 

8 

8 

4.750E-01 

9 

8 

2.956E-01 

11 

8 

6.700E-03 

7 

9 

7.080E-02 

9 

9 

5.184E-01 

10 

9 

2.S37E-01 

8 

10 

7.660E-02 

10 

10 

5.801E-01 

11 

10 

1.897E-01 

12 

10 

4.810E-02 

14 

10 

3.400E-03 

7 

11 

3.100E-03 

9 

11 

8.280E-02 

11 

11 

6.447E-01 

12 

11 

1.131E-01 

13 

11 

8.540E-02 

15 

11 

5.500E-03 

8 

12 

3.700E-03 

12 

12 

6.967E-01 

14 

12 

1.203E-01 

9 

13 

4.100E-03 

13 

13 

7.127E-01 

15 

13 

1.380E-01 

18 

13 

4.000E-03 

14 

14 

6.762E-01 

16 

14 

1.234E-01 

17 

14 

4.470E-02 

15 

15 

5.786E-01 

16 

15 

9.180E-02 


CROSS-SECTIONS ASSUMED SAME AS FOR NO 1-2 OF IMAMI ET AL 

ELECTRON ENERGY- 3.19 3.33 3.87 4.99 6.65 8.89 11.10 13.88 

CROSS SECTION - O.OOOE+00 3.370E-18 1.540E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 


RADIATIVE TRANSITION PROBABILITY- 1.180E+07 
lORD- 17 

CN RED LOWER STATE- 1 UPPER STATE- 2 NUMBER OF CARDS- 50 


0 

0 

5.002E-01 

1 

0 

3.179E-01 

2 

0 1.269E-01 

3 

0 4.020E-02 

4 

0 l.llOE-02 

5 

0 

2.850E-03 

6 

0 

7.S00E-04 

7 

0 2.000E-04 

8 

0 5.000E-05 

0 

1 3.711E-01 

1 

1 

4.600E-02 

2 

1 

2.409E-01 

3 

1 1.942E-01 

4 

1 9.410E-02 

5 

1 3.615E-02 

6 

1 

1.220E-02 

7 

1 

3.800E-03 

8 

1 l.lOOE-03 

9 

1 3.500E-04 

10 

1 1.000E-04 

0 

2 

1.107E-01 

1 

2 

3.528E-01 

2 

2 1.160E-02 

3 

2 9.950E-02 

4 

2 1.812E-01 

5 

2 

1.330E-01 

6 

2 

6.755E-02 

7 

2 2.810E-02 

8 

2 1.040E-02 

9 

2 3.600E-03 

10 

2 

1.150E-03 

11 

2 

3.500E-04 

12 

2 1.500E-04 

13 

2 5.000E-05 

0 

3 1.670E-02 

1 

3 

2.234E-01 

2 

3 

2.136E-01 

3 

3 8.780E-02 

4 

3 1.615E-02 

5 

3 1.228E-01 

6 

3 

1.416E-01 

7 

3 

9.500E-02 

8 

3 4.855E-02 

9 

3 2.125E-02 

10 

3 8.4S0E-03 

11 

3 

3.150E-03 

12 

3 

l.lOOE-03 

13 

3 4.000E-04 

14 

3 1.500E-04 

15 

3 5.000E-05 

0 

4 

1.400E-03 

1 

4 

5.355E-02 

2 

4 2.872E-01 

3 

4 8.78SE-02 

4 

4 1.489E-01 

5 

4 

1.800E-03 

6 

4 

5.870E-02 

7 

4 1.210E-01 

8 

4 1.088E-01 

9 

4 6.85SE-02 

10 

4 

3.530E-02 

11 

4 

1.600E-02 

12 

4 6.650E-03 

13 

4 2.650E-03 

14 

4 l.OOOE-03 

15 

4 

4.000E-04 

16 

4 

1.500E-04 

17 

4 5.000E-05 

0 

5 l.OOOE-04 

1 

5 6.150E-03 

2 

5 

1.027E-01 

3 

5 

2.994E-01 

4 

5 1.595E-02 

5 

5 1.S91E-01 

6 

5 3.040E-02 

7 

S 

1.505E-02 

8 

5 

8.440E-02 

9 

5 1.068E-01 

10 

5 8.305E-02 

11 

5 5.020E-02 

12 

5 

2.590E-02 

13 

5 

1.210E-02 

14 

5 5.300E-03 45 

5 2.150E-03 

16 

5 8.SOOE-04 

1 

6 

4.000E-04 

2 

6 

1.590E-02 

3 

6 1.567E-01 

4j 8 2.669E-01 

5 

6 7.500E-04 

6 

6 

1.287E-01 

7 

6 

6.960E-02 

8 

6 l.SOOE-04 

9 

6 4.555E-02 

10 

6 9.010E-02 

11 

6 

8.880E-02 

12 

6 

6.315E-02 

13 

6 3.725E-02 

14 

6 1.940E-02 

15 

6 9.300E-03 

16 

6 

4.200E-03 

17 

6 

1.850E-03 

18 

.6 7.500E-*04 

2 

7 1.250E-03 

3 

7 3.130E-02 

4 

7 

2.067E-01 

5 

7 

2.069E-01 

6 

7 2.400E-02 

7 

.7 8.095E-02 

8 

7 9.770E-02 

9 

7 

9.450E-03 

10 

7 

1.610E-02 

11 

7 6.515E-02 

12 

7 8.440E-02 

13 

7 7.16SE-02 

14 

7 

4.825E-02 

15 

7 

2.805E-02 

16 

7 1.480E-02 

17 

h7 7.300E-03 

18 

7 3.400E-03 

2 

8 

S.OOOE-05 

3 

8 

2.950E-03 

4 

8 5.28SE-02 

5 

8 2.455E-01 

6 

8 1.390E-01 

7 

8 

6.345E-02 

8 

8 

3.6S0E-02 

9 

8 1.050E-01 

10 

8 3.190E-02 

11 

8 1.650E-03 

12 

8 

3.835E-02 

13 

8 

7.115E-02 

14 

8 7.365E-02 15 

8 5.700E-02 

16 

8 3.705E-02 

17 

8 

2.140E-02 

18 

8 

1.145E-02 

3 

l.OOOE-04 

4 

9 6.000E-03 

5 

9 7.980E^02 
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6 9 2.670E-O1 7 9 7.770E-02 8 9 1.008E-01 9 9 6.250E-03 10 9 9.250E-02 

11 9 &.585E*02 12 9 2.400E-03 13 9 1.650E-02 14 0 5.265E-02 15 9 6.860E-02 

16 9 6.170E-02 17 9 4.505E'02 18 9 2.870E-02 4 10 3.500E-04 5 10 1.070E-02 

6 10 1.107E-01 7 10 2.728E-01 8 10 3.205E-02 9 10 1.242E-01 10 10 2.500E-04 

11 10 6.780E-02 12 10 7.205E-02 13 10 1.425E-02 14 10 3.600E-03 IS 10 3.276E-02 

16 10 5.760E-02 17 10 6.145E-02 18 10 5.065E-02 6 11 6.600E-04 6 11 1.765E-02 

7 11 1.432E-01 8 11 2.606E-01 9 11 6.450E-03 10 11 1.297E-01 11 11 9.760E-03 

12 11 3.975E-02 13 11 7.68SE-02 14 11 3,125E-02 15 11 7.600E-04 16 11 1.67SE-02 

6 12 1.250E-03 7 12 2.700E-02 8 12 1.762E-01 9 12 2.346E-01 10 12 6,500E-04 

11 12 1.184E-01 12 12 2.990E-02 13 12 1.655E-02 14 12 6.98SE-02 15 12 4.710E-02 

16 12 6.700E-03 17 12 4.600E-03 18 12 2.705E-02 7 13 2.150E-03 8 13 3.910E-02 

9 13 2.066E-01 10 13 1.985E-01 11 13 6.075E-02 12 13 9.615E-02 13 13 5.275E-02 

14 13 3.200E-03 15 13 6.435E-02 16 13 5.735E-02 17 13 1.830E-02 18 13 7.500E-04 

7 14 1.000E>04 8 14 3.550E-03 9 14 6.365E-02 10 14 2.326E-01 11 14 1.569E-01 

12 14 3.170E-02 13 14 6.660E«02 14 14 7.175E-02 15 14 9.E00E-04 16 14 3.565E-02 

17 14 6.970E-02 18 14 3.145E-02 8 15 1,500E-04 9 16 6.600E-03 10 15 7.110E-02 

11 15 2.520E-01 12 15 1.146E-01 13 16 6.765E-02 14 15 3,88SE-02 15 16 8.250E-02 

16 15 8.400E-03 17 15 1.815E-02 18 15 6.416E-02 9 16 2.600E-04 10 16 8.250E-03 

11 16 9.090E-02 12 16 2.647E-01 13 16 7.645E-02 14 16 8.245E-02 15 16 1.700E-02 

16 16 8.330E-02 17 16 2.195E-02 18 16 5.950E-03 10 17 3.600E-04 11 17 1.180E-02 

12 17 1,128E-01 13 17 2,693E-01 14 17 4.340E-02 15 17 1.020E-01 16 17 4.200E-03 

17 17 7.505E-02 18 17 3.716E-02 11 18 6.000E-04 12 18 1.63SE-02 13 18 1.359E-01 

CROSS'SECTIONS ASSUMED SAME AS KO 1-2 OF IHAHI ET AL 

ELECTRON ENERGY- 1.15 1.18 1.37 1.76 2.35 3.14 3.92 4.90 

CROSS SECTION « O.OOOE+00 3.370E-18 1.640E-17 2.450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 


RADIATIVE TRANSITION PROBABILITY- 1.950E+05 
lORD- 18 

CM AB LOWER STATE- 2 UPPER STATE- 3 NUMBER OF CARDS- 30 


1 

0 

2.248E-04 

1 

1 

2.248E-04 

1 

2 1.833E-01 

1 

3 6.249E-01 

1 

4 

6.249E-01 

1 

5 

1.442E-01 

1 

6 

3.433E-02 

1 

7 8.821E-03 

1 

8 8.821E-03 

1 

9 

2.609E-03 

1 

10 

8.926E-04 

1 

11 

3.496E-04 

1 

12 3.496E-04 

1 

13 1.642E-04 

2 

0 

8.909E-01 

2 

1 

8.909E-01 

2 

2 

9.252E-02 

2 

3 1.300E-02 

2 

4 1.300E-02 

2 

5 

2.S21E-03 

2 

6 

6.437E-04 

2 

7 

2.05SE-04 

2 

8 2.0S5E-04 

3 

0 8.909E-01 

3 

1 

8.909E-01 

3 

2 

9.252E-02 

3 

3 

1.300E-02 

3 

4 1.300E-02 

3 

6 2.521E-03 

3 

6 

6.437E-04 

3 

7 

2.055E-04 

3 

8 

2.05SE-04 

4 

0 1.088E-01 

4 

1 1.088E-01 

4 

2 

7.239E-01 

4 

3 

1.339E-01 

4 

4 

1.339E-01 

4 

6 2.530E-02 

4 

6 5.644E-03 

4 

7 

1.530E-03 

4 

8 

1.530E-03 

4 

9 

4.975E-04 

4 

10 1.894E-04 

5 

0 2.248E-04 

5 

1 

2.248E-04 

5 

2 

1.833E-01 

5 

3 

6.249E-01 

5 

4 6.249E-01 

5 

6 1.442E-01 

5 

6 

3.433E-02 

5 

■ 7 

8.821E-03 

5 

8 

8.821E-03 

5 

9 2.609E-03 

5 

10 8.926E-04 

5 

11 

3.496E-04 

5 

12 

3.496E-04 

5 

13 

1.542E-04 

6 

0 2.248E-04 

6 

1 2.248E-04 

6 

2 

1.833E-01 

6 

3 

6.249E-01 

6 

4 

6.249E-01 

6 

5 1.442E-01 

6 

6 3.433E-02 

6 

7 

8.821E-03 

6 

8 

8.821E-03 

6 

9 

2.609E-03 

6 

10 8.926E-04 

6 

11 3.496E-04 

6 

12 

3.496E-04 

6 

13 

1.542E-04 

7 

2 

2.634E-04 

7 

3 2.281E-01 

7 

4 2.281E-01 

7 

5 

5.836E-01 

7 

6 

1.320E-01 

7 

7 

3.861E-02 

7 

8 3.861E-02 

7 

9 1.127E-02 

7 

10 

3.657E-03 

7 

11 

1.335E-03 

7 

12 

1.335E-03 

7 

13 6.469E-04 

7 

14 2.487E-04 

8 

2 

2.534E-04 

8 

3 

2.281E-01 

8 

4 

2.281E-01 

8 

S 5.836E-01 

8 

6 1.320E-01 

8 

,7 

3.861E-02 

8 

8 

3.861E-02 

8 

9 

1.127E-02 

8 

10 3.657E-03 

6 

11 1.33SE-03 

8 

12 

1.335E-03 

8 

13 

5.469E-04 

8 

14 

2.487E-04 

9 

5 2.428E-01 

9 

6 5.930E-01 

9 

7 

l.OSlE-01 

9 

8 

1.051E-01 

9 

9 

3.86SE-02 

9 

10 1.25SE-02 

9 

11 4.462E-03 

9 

12 

4.462E-03 

9 

13 

1.748E-03 

9 

14 

7.649E-04 

10 

5 1.631E-03 

10 

6 2.2S9E-01 

10 

7 

6.444E-01 

10 

8 

6.444E-01 

10 

9 

7.020E-02 

10 

10 3.617E-02 

10 

11 1.266E-02 

10 

12 

1.266E-02 

10 

13 

4.907E-03 

10 

14 2.062E-03 

11 

6 8.358E-03 

11 

7 1.780E-01 

11 

8 

1.780E-01 

11 

9 

7.241E-01 

11 

10 

3.468E-02 

11 

11 3.320E-02 

11 

12 3.320E-02 

11 

13 

1.185E-02 

11 

14 

4.989E-03 

12 

6 

8.358E-03 

12 

7 1.780Et01 

12 

8 1.780E-01 

12 

9 

7.241E-01 

12 

10 

3.468E-02 

12 

11 

3.320E-02 

12 

12 3.320E-02 

12 

13 1.185E-02 

12 

14 

4.989E-03 

13 

7 

2.205E-02 

13 

8 

2.205E-02 

13 

9 1.088E-01 

13 

10 8.092E-01 

13 

11 

7.994E-03 

13 

12 

7.994E-03 

13 

13 

3.150E-02 

13 

14 1.046E-02 

14 

7 1.136E-03 

14 

8 

1.136E-03 

14 

9 

3.815E-02 

14 

10 

4.041E-02 

14 

11 6.689E-01 

14 

12 8.689E-01 

14 

13 

4.843E-04 


CROSS-SECTIONS ASSUMED SAME AS FOR NO 1-2 OF IMAHI ET AL 

ELECTRON ENERGY- 2.06 2.16 2,60 3.23 4.30 6.76 7.18 8.98 

CROSS SECTION « O.OOOE+OO 3.370E-18 1.640E-17 2,450E-17 2.980E-17 3.030E-17 2.870E-17 2.700E-17 

RADIATIVE TRANSITION PROBABILITY- O.OOOE+00 
VSLNIC-60. 

VSLDEL-2 . 362488934719 
VSLTW-2000. 


G2 



VSLNI«1, 

1 


INEQ3D FLOWFIELD PROPERTIES 


Y 

O.OOOOE+00 

0.7193E>02 

0.2158E-01 

0.3596E>01 

0.5035E-01 

0.6473E-01 

0.7912E-01 

0.9350E-01 

0.1079 

0.1223 

0.1367 

0.1510 

0.1654 

0.1798 

0.1942 

0.2086 

0.2230 

0.2374 

0.2517 

0.2661 

0.2805 

0.2949 

0.3092 

0.3236 

0.3379 

0.3523 

0.3667 

0.3812 

0.3957 

0.4103 

0.4250 

0.4398 

0.4547 

0,4697 

0.4849 

0.5002 

0.5158 

0.5315 

0.5474 

0.5636 

0.5800 

0.5966 

0.6135 

0.6307 

0.6482 

0.6660 

0.6840 

0.7019 

0.7200 

0.7385 

0.7676 

0.7774 

0.7984 

0.8207 

0.8448 

0.8711 

0.9003 

0.9334 


PRESSURE 

0.4511E-01 

0.4511E-01 

0.4511E-01 

0.4511E>01 

0.4509E-01 

0.4508E-01 

0.4508E-01 

0.4508£’01 

0.4508E-01 

0.4606E-01 

0.4504E-01 

0.4503E-01 

0.4501E’01 

0.4498E-01 

0.4498E-01 

0.4490E-01 

0.4484£<-01 

0.4479E-01 

0.4474E-01 

0.4469E-01 

0.4465E-01 

0.4460E-01 

0.4466E-01 

0.4452E-01 

0.4447E-01 

0.4443E-01 

0.4439E-01 

0.4435E-01 

0.4430E-01 

0.4425E-01 

0.4420E-01 

0.4416E-01 

0.4409E-01 

0.4403E-01 

0.4397E-01 

0.4390E-01 

0.4382E-01 

0.4374E-01 

0.4366E-01 

0.4357E-01 

0.4347E-01 

0.4337E-01 

0.4326E-01 

0.4314E-01 

0.4302E-01 

0.4290E-01 

0.4276E-01 

0.4261E-01 

0.4246E-01 

0.4230E-01 

0.4214E-01 

0.4199E-01 

0.4181E-01 

0.4161E-01 

0.4139E-01 

0.4121E-01 

0.4107E-01 

0.4095E-01 


TEHP(ELEC) 

0.1096E+05 

0.1096E406 

0.1098E4-06 

0.1102E^S 

0.1109E^05 

0.1118E4^6 

0.1131E<K)5 

0.1147E+0S 

0.1167E+05 

0.1190E<^05 

0.1213£<H)5 

0.1234E^5 

0.1249E+05 

0.1263£-K)5 

0.1246E^6 

0.1226E^5 

0.1194E-H)5 

0.1157£-H)S 

0.1118E^5 

0.1079E+05 

0.1043E^6 

O.IOIOE+OS 

9799. 

9528. 

9282. 

9067. 

8850. 

8656. 

8473. 

8300. 

8134. 

7974. 

7820. 

7670. 

7625. 

7382. 

7242. 

7103. 

6966. 

6829. 

6692. 

6654. 

6413. 

6268. 

6117. 

5968. 

6789. 

6610. 

5416. 

6203. 

4966. 

4697. 

4392. 

4047. 

3660. 

3236. 

2778. 

2285. 


TEMP(TRA)I) 
0.1090E405 
0.i090E^S 
0.1091E4^0S 
0.1094E^5 
0.1099E405 
0.1106E^5 
0.1116E>K>5 
0.1131E4^5 
0,nSlZH>S 
0.1181E4'05 
0.1222E-H)5 
0.1280E-K)5 
0.1355E4^5 
0.1447E-K)5 
0.16S0E4O6 
0.16S5E4U5 
0.1767E^06 
0. ISSUERS 
0.1930E<K)& 
0.1998£-K>5 
0.2056£'K)6 
0.2106E405 
0.2148E<K)5 
0.2187E^5 
0.2224E>f05 
0.2259E<K>5 
0.2294E405 
0.2329E405 
0.2365E'«U5 
0.2403E’K)5 
0.2443E'H)5 
0.2485E<i^05 
0.2630E‘K)5 
0.2678E+05 
0.2628E4^6 
0.2682E^06 
0.2739E^5 
0.2800E406 
0.2866E^5 
0.2934E405 
0.S008E^6 
0.3088E^5 
0.il73E405 
0.3264E4^05 
0.3362E405 
0.3468E405 
0.3680E4^5 
0.3700E<K)5 
0.3826E405 
0.3959E«05 
0.4i02E*i^06 
0;4256E405 
0.4422E-K)6 
0.4606E+05 
0.4810E406 
0.6040E'H)5 
0.6300E^5 
0.5697E4-05 


TOT. i DENS 

0.3037E+17 

0.3037E+17 

0.3034E4'17 

0.3026E417 

0.3011E4-17 

0.2991E+17 

0.2964En7 

0.2926E^17 

0.2874E+17 

0.2802£^17 

0.2705E+17 

0.2582E-fl7 

0.2438E-H7 

0.2282E4-17 

0.2131E+17 

0.1992En7 

0.1874E+17 

0.1777E+17 

0.1701E+17 

0.1642E+17 

0.1694E+17 

0.1665E+17 

0.1522En7 

0.1494E'i-17 

0.1468E^17 

0.1444E+17 

0.1420E+17 

0.1398E+17 

0.1376E+17 

0.1351E+17 

0.1328E+17 

0.1304E^17 

0.1279E+17 

0.1254E+17 

0.1228E4-17 

0.1201E+17 

0.1174E+17 

0.1147E+17 

0.1118E417 

0.1090E4^17 

0.1061E417 

0.1031En7 

O.lOOlEn? 

0.9702E^16 

0.9392E416 

0.9079E+16 

0.8765E<M6 

0.8454E+16 

0.8144E4-16 

6.7840E4^i6 

6.7541E+16 

0.7243EVie 

0.6940E4’16 

0.6630£4>16 

0.6316En6 

0.6002E^16 

0.5687E416 

0.6370E*16 
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0.9685 

1.000 


0.4066E-01 1763 

0.3831E-01 1307 


0*5894E-H)5 0.6063E'»-16 
0 . 6068E>05 0 . 4634£^16 


1 


xmqsi) mu mcTxom 

r IK a »» V 

e.OOOOC*«0 0.1M3C-01 •.Un O.SMt 

C.7ttU-03 O.lMSS^t «.t«43 «.11M O.SMl 

O.aiMC-01 O.lSCSg-Ol O.I«M O.IKT 0.S44S 

• .14MC-01 •.IMOC'Cl O.lltS O.MSJ 

O.COSiC-Ot O.ICTS O.llTC O.BWT 

e.MTIC-«l 0.14MCH11 O.I«T7 O.IIM 0.S4M 

o.7tiai-et o.matH}! o.icts a.usa o.cru 

O.t3C0C-«l •.MMC-et O.ltM «.USa 0.S7M 

• .i07t O.tiasc-Cl 0.1710 0.1104 O.MIO 

o.iaas o.iMSCHsi o.iTit o.iom o.iooa 

e.iser o.ii4«t-oi o.stu o.iou o.ciTi 

o.lito O.lMSC>0t 0.1770 O.tOOOI-01 0.0100 

0.14M 0.0030CH>2 O.lOtt O.OTlOE-01 0.0340 

0.17M 0.7017C-02 0.1040 0.7013C-01 0.0413 

0.1042 0.0100CH)3 O.IOOT O.OOSTE-01 O.OUS 

0.3004 0.4030C-03 0.1034 O.SOlTl-01 0.0740 

0.3330 0.3043CHI3 0.1000 O.SIUEHII 0.0002 

0.33T4 0.24401-03 0.1007 0.4423C-01 0.7004 

0.2S17 0.1044C-03 0.3011 0.3070E-01 0.7002 

0.3441 0.1200C-03 0.3030 0.04E0E-O1 0.71SJ 

0.3004 O.04O4C-O3 0.3044 0.3I30E-01 0.7103 

0.3040 0.E703E-03 0.3000 0.3000E-01 0.7314 

0.3002 O.3703S-OS 0.3000 0.2710E-01 0.7334 

0.1330 0.3473X-03 0.3070 0.3S70C-01 0.7334 

0.3370 O.lOOOC-03 0.3007 0.3440C-01 0.7310 

0.1023 0.tl31C-OS 0.3000 0.33400-01 0.7303 

0.3407 0.00730-04 0.3104 0.33000-01 0.7103 

0.3013 0.00000-04 0.3113 0.31030-01 0.7107 

0.3007 0.41300-04 0.3123 0.30700-01 0.7130 

0.4103 0.40400-04 0.3134 O.lMM-01 O.TOiO 

0.4300 0.30040-04 0.3144 0.10300-01 0.7040 

0.4300 0.33300-04 0.3100 0.10430-01 0.4004 

0.4047 e.3000C-«4 0.3173 0.17000-01 0.0130 

0.4007 0.30400-04 0.3110 0.10030-01 0.0071 

0.4040 0.37300-04 0.3300 0.10300-01 0.0707 

0.0002 0.20320-04 0.2323 0.10400-01 O.OTIO 

O.ClOO 0.30000-04 0.3343 0.14730-01 0.4433 

e.OSlO 0.34000-04 0.2304 0.13000-01 0,0033 

0.0474 0.34010-04 0.3307 0.133U-01 0.0410 

0.0430 0.34130-04 0.3313 0.13400-01 0.0300 

0.4000 0.33000-04 0.3340 0.11730-01 0.0100 

0.0000 0.23040-04 0.3370 O.lOtU-01 0.0001 

0.4130 0.33030-04 0.3403 0.10130-01 0.0034 

0.4307 0.33400-04 0.2430 0.03020-03 0.0404 

0.4403 0.3SSI0-O4 0.3470 0.044U-03 0.0403 

0.0040 0.33000-04 0.3017 0.70700-02 0.4331 

0.4040 0.33700-04 0.2001 0.07070-03 0.4000 

0.7010 0.33030-04 0.3000 0.00000-03 0.4734 

0.7300 0.23000-04 0.3440 0.00140-03 0.4443 

0.7300 0.2U10-04 0.3400 0.43000-03 0.4130 

0.7070 0.33440-04 0.3730 0.34330-03 O.WU 

0.7774 0.33030-04 0.2740 0.37040-03 0.3400 

0.7044 0.21300-04 0.2740 0.20410-03 0.1070 

0.0207 0.10000-04 0.3714 0.14130-03 0.3471 

0.0440 0.1E03C-04 0.3430 O.OltU-03 0.3334 

O.tni 0.13000-04 0.3434 0.14030-03 0.1701 

0.0003 0.00100-01 0.3137 0.20070-03 0.1330 

0.0334 0.43030-01 0.143S 0.1tt4X-03 0.01400-01 

0.0401 0.14140-01 0.1000 0.11000-04 0.44140-01 

3.000 0.44330-00 0.47140-01 0.400U-OC 0.17110-01 

1 


•- 03 n m >3^ 

0.1340 0. 01100-01 0.13IU-03 0.33300-01 0.37770-04 
0.1344 0.41140-01 0.13100-03 0.33300-01 0.37770-01 
0.1343 0.77440-01 O.tlttO-OS 0.31070-01 0.30130-01 
0.1137 0.741U-01 0.I33W-O3 0.31170-01 0. 30030-01 
0.1330 0.7040C-01 O.S3310-03 0.31171-01 0.30300-04 
0.1311 0.44441-01 0.14040-03 0.30710-01 0.32440K»1 
0.1304 0.43100-04 0.47000-03 0.30440-04 0.34470-01 
0.1371 0.17010-04 0.43140-03 0. 30300-04 0.40110-04 
0.1334 0.14140-04 0.00000-01 0.30410-04 0.40040-01 
0.1101 0. 11000-04 0.11440-01 0.30040-04 0.19010-01 
0.1131 0.11070-01 0.00370-03 0. 33110-01 0.7IC1I-0S 
O.IOIS 0.14371-04 0.13040-03 0.34040-04 0.10001-04 
0.0430C-01 0.4170B-04 0.14440-03 0,34040-04 0.1E4U-04 
0.0S040-O1 0.03070-04 0.33300-03 0.3O00E-OS 0.33030-04 
0.74010-01 0.10430-04 0.30700-03 0.3534E-04 0.33000-04 
0. 44400-01 0.34141-04 0.10410-03 0.4040E-04 0.44000-04 
O.SSOOC-OI 0.13140-04 0.10070-03 Q.4030E-04 0.10340-04 
0.47140-01 0. 11100-04 0.43030-03 0.17110-04 0.71410-04 
0.40000-01 O.MlSC-04 0.70300-03 0.4701E-04 0.01010-04 
O.MllC-OI 0.41100-04 0.04140-03 0.70470-04 0.03040-04 
O.iai4£-Ot 0.30030-01 0.11110-01 0.03100-04 0.00170-04 
0.20000-01 0.17100-04 0.13000-01 0. 10740-04 0.10210-01 
0.37000-01 0.70130-00 O.lMtt-Ol 0.13400-04 0.10430-03 
0.34370-01 0.10400-04 0.17300-01 0. 14370-04 0. 10100-03 
0.34070-01 0.11330-10 0.107K-01 0.14140-04 0.10400-03 
0.33070-01 0.11340-10 0.32140-01 0.11040-04 0.10440-03 
0.23000-01 0.11310-10 0.31000-01 0.31100-04 0.10371-03 
0.31000-01 0.11310-10 0.30030-01 0.33000-04 0. 10300-03 
0.31130-01 0.11410-10 0.32040-01 0.27100-04 0.10200-03 
0.30310-01 0.11440-10 0.37110-01 0.30140-04 0.10130-03 

0.10130-01 o.niac-10 0.41000-01 0.34320-04 o.iooic-03 

0.10740-01 O.llSOC-IO 0.472OC-OI 0.30410-04 0.00470-04 
0.17001-01 0.11070-10 0. 13000-01 0.42010-04 O.OtlOOHH 
C. 17230-01 0.11710-10 0.19411-01 0.47040-04 0.07010-04 
0.10400-01 0.11040-14 0.4440C-01 0.13110-04 0.04410-04 
0. 11710-01 0.11040-10 0.74T0E-01 0.10770-04 0. 01490-04 
0. 11010-01 0.13040-10 0.01340-01 0.44110-04 0.04370-04 
0.14271-01 0.34400-04 0.03040-01 0.71370-04 0.02020-04 
0. 13130-01 0.34710-01 0.1013 0.70310-04 0.01430-04 
0.12710-01 0.41770-01 0.1141 0. 01010-04 0.I0T7I-O4 
O.llMO-01 0.13440-04 0.1340 0.01910-04 0.17011-04 
0.11100-01 0.33100-04 0.1404 0.10340-03 0.11030-04 
0. 10300-01 O.M07C-O4 0.1113 0.11330-03 0.13441-04 
0.01430-03 0.00410-04 0.1714 0.13340-03 O.llltC-04 
O.MOlO-03 0.13130-03 0.1004 0.1343C-0S 0.7S33C-04 
0.70310-02 0.3aMC-Oa 0.3001 0.14740-03 0.74010-04 
0.40410-03 0.40130-03 0.3304 0.14370-03 0.71300-04 
0.MO3E-O3 0.73320-03 0.2133 O.ttOlt-03 0.44030-04 
0.13400-03 0.13000-03 0.3740 0.300SE-03 0.42040-04 
0.44240-02 0.32170-03 0.3013 0.33400-03 0.M130-O4 
3.34420-03 0.3830C-03 0.3310 0.31471-03 0.U430-04 

o.aooto-oa o. 43370-02 0.3443 o.antE-oj 0.43710-04 
0.32310-03 0. 10010-01 0.4030 0.33000-03 0.331U-04 
0.14110-03 0.17070-01 0.4401 0.40200-03 0.20110-04 
0.11000-02 0.37300-01 0.4341 0. 43370-03 0. 21110-04 
0.33410-03 0.43240-01 0.132S O.tOltC-03 0.11240-04 
0.3ri4X-OS 0.4T000-01 0.1340 0.7a7S0'O3 0.34310-04 
0.14320-03 0.1014 0.4441 0.31430-03 O.SlllC-04 
0.11121-04 0.1441 0.7104 O.OMIO-OS 0.21100-01 
0.13300-04 0.1701 0.7IU 0.11140-03 0.43730-04 


SnOURT or UtOLTS 

TOTAL WALL AISORmOK « 1.341 

T 0T« QC« OL* OT- 

0.00000*00 3.340 1.4M 1.301 03.30 

0.31130-01 3.030 1.313 1.331 33. M 

O.MSlC-01 3.334 0.0013 1.370 04.17 

0.70130-01 1.700 0.7404 1.041 04.40 

0.1070 1.344 0.1311 0.7100 04.00 

0.1347 0.7000 0.3031 0.4177 01.14 

e.UM 0.4470 0.3477 0.3113 01.30 

0.1043 0.3007 0.1000 O.tltl 01.17 

0.3310 0.2104 0.1304 0. 77011-01 01.13 

0.3117 0.1703 0.1007 0.00411-01 04.11 

0.3004 0.1410 0.00371-01 0.14741-01 01.10 

0.3003 0.1311 0.47371-01 0.13101-01 04.00 

0.1370 O.tOtS 0.13431-01 O.MtOl-Ol 01.00 

0.3447 0.M341-01 0.41031-01 0.17741-01 01.00 

0.3017 0.04101-01 0.33001-01 0.31131-01 M.M 

0.4310 0.00711-01 0.31141-01 0.01171-01 04.03 

0.4147 0. 30071-01 0.10031-01 0.030U-01 01.00 

0.4343 0.310«-01 0.14001-01 0.71001-01 K.07 

O.ltll 0.00071-01 O.lOlll-Ot 0.70711-01 04.04 

0.1474 0.71071-01 0. 00101-03 0.41001-01 01,03 

0.E300 0.47011-01 0. 41001-03 0.413TE-01 04.00 

0.413S 0.10301-01 0.37071-03 0.14401-01 04.07 

0.4433 0.47131-01 0.11131-03 0.41331-01 04.01 


qC- OL- QO Ta Ttr 

•3.00 -0.11301-13 -33.31 0.10041*01 0.10001*01 

03.00 0.7000 -00.14 0.10001*01 0.10011*04 

03.07 1.104 -01.41 0.11001*04 0.10011*04 

•3.31 1.344 -03.37 0.11311*01 0.mU«04 

03.13 1.431 -01.74 0.11371*01 0.111lC*0t 

01.33 1.470 -04.13 0. 13131*01 4.13331*01 

03.77 1.434 -04.73 0.13401*01 0.tJllt«01 

03.33 1.341 -04.37 4.13431*01 0.11101*01 

03.04 1.300 -04.01 0.11041*01 0.17171*01 

01.03 1.340 -04.04 0.11130*01 0.10301*01 

03.37 1.331 -04.04 0.10U1*01 0.30141*04 

•3. 30 1.300 -04.07 0700. 0.314tt*01 

03.00 1.100 -04.00 0303. 0.33341*01 

03.00 1.103 -M.H MM. 0.33041*01 

03.30 1.133 -M.fO 3473 . 0.33311*01 

13.00 1.104 -04.00 0134. 0.34431*01 

03.00 1.170 -04.00 7330. 0.31301*01 

03.30 t.lfO -04.00 7131. 1.912M*01 

03.30 1.112 -04.07 7343. 0.37301*01 

03.00 1.130 -04.01 lOM. 0.30111*01 

03.30 1.100 -04.03 0403. 0.30001*01 

03.03 1.030 -04.01 4413. 0.31731*01 

01.01 t.077 -04.01 4117. 0.33421*01 
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0.0040 

0.30734-01 

0.0I03I-OS 

0.340U-01 

M.44 

03.47 

1.074 

-04.03 

4710. 

0.3400C*04 

0.7300 

0.47304-03 

0.34404-03 

0.44004-03 

04.43 

03.00 

1.040 

-04.03 

0410. 

0.30304*04 

0.T4T4 

0.44304-03 

0.74031-04 

0. 47701-03 

04.41 

03.04 

1.040 

-04.01 

4004. 

0.41034*04 

0.7004 

0.33174-04 

0.13334-04 

O.OUTI-04 

04.40 

03.04 

1.043 

-04.00 

4343. 

0.44334*04 

0.4440 

0.06274-04 

0.03344-04 

0.10344-07 

04.00 

03.04 

1.044 

-04.00 

3M0. 

0.41104*04 

0.00O3 

0.71074-04 

0.74004-00 

0. 41431-13 

04.00 

03.04 

1.041 

-04.00 

3774. 

0.43004*04 

0.0004 

0.44604-10 

0.44604-10 

-0.73034-11 

04.00 

03.03 

1.047 

-04.00 

1743. 

0.44044*04 


RA9IiTtO« OOMUCnaN rACTOMS 


T Ht 

O.POOCC^ l.QOO 
O.lltll-41 1.000 
O.tO»0C-Ol 1.000 
O.T0I2Z-01 1.000 
O.IOTO 1.000 
0.1347 1.000 
0.14S4 1.000 

o.ma 1.000 

0.3330 1.000 
o.asiT 1.000 
O.300S 1.000 
0.3003 1.000 
0.33T0 1.000 
0.344T t.OOO 
0.3007 1.000 
0.4300 1.000 
0.4MT 1.000 
0.4140 1.000 
O.SlSt 1.000 
0.0474 1.000 

o.omo 1.000 

0.4110 1.000 
0.4443 1.000 
0.4140 1.000 
0.7300 1.000 
0.7070 1.000 
0.7M4 1.000 
0.1441 1.000 
0.1003 t.OOO 
0.1410 1.000 


4-SOOIICI Qg 
4.3034 0.M34 1.000 
0.3701 0.3701 1.000 
0.3000 0.30CS 1.000 
0.3070 0.3070 1.000 
0.1100 0.1100 1.000 
0.44130-01 0.4M3I-O1 1,000 
0.10341-01 0.1t34C-«l 1.000 
0. 10131-01 0.1013S-01 1.000 
0.44041-03 0.0404I-02 1.000 
0.13341-01 0.133SS-01 1.000 
0.3330C-01 0.1330C-O1 1.000 
0.M13C-01 0.U13I-01 1.000 
0.1000 0.1010 1.000 
0.3300 0.33M 1.000 
0.470S O.470C 1.000 
0.1441 4.04M 1.000 


3.041 

7.001 
11.70 
31.04 
47.33 

334.1 
710.7 
lOOO. 
1000 . 
1000. 
1000 . 
1000 . 
1000 . 


3.041 

7.001 
11. TO 
31.04 
47.33 

334.1 
740.7 
1000. 
lOOO. 
1000 , 
1000 . 
lOOO. 
1000. 


t.OOO 

1.000 

t.OOO 

t.OOO 

1.000 

t.OOO 

1.000 

1.000 

1.000 

l.OM 

1.000 

1.000 

1.000 


0< O-SOPMS 

4.3743 0.3TU 

4.3441 0.3441 

4.3171 4.3171 

0.1441 0.1441 

0.743SC-O1 0. 74341-01 
0.303SI-01 0.30341-01 
0.114S1-01 0. 11441-01 
0. 43471-03 0.43071-03 
0.34471-03 0. 34471-03 
0.33441-03 0.13001-03 
0.34331-03 0.34331-03 
0.34431-03 0.14431-03 
0.34721-03 0.14731-03 
0.34031-03 0.30031-03 
0.44741-03 0.44741-03 
0.73341-03 0.71301-03 
0.13471-01 0.13471-01 
0.331U-01 0.23141-01 
0.444M-01 0.44401-01 

0.I03M-01 e.oom-ot 

0.1434 4.1031 

0.4434 0.4434 

1.317 1.317 

4,133 4.133 

30.40 30.40 

300.3 300.3 

1000 . 1000 . 

1000. 1000. 

1000 . 1000 . 

1000. 1000. 


T 


ira«<i) i3*(i> nu> nu> 


K3(l) 13(0 


ROCi;) 40(4) 40(41 oa(x) 


03(A) 


0.00001*00 1.000 

0.31441-01 1.000 

O.SOSII-OI 1.000 

0.70131-01 1.000 

0.1073 1.000 

0.1347 1.000 

0.1444 1.001 

0.1443 1.001 

0.3330 1.001 

0.3417 1.000 


0.4044 

0.0444 

0.0044 

0.0444 

O.fOOO 

0.4004 

4.4004 

0.4004 

0.0003 

0.4004 


0.3104 

0.3003 

0.3370 

0.3047 

0.3047 

0.4340 


t.OOO 0.4074 
1.000 0.4073 
t.OOO 0.0001 
1.000 0.0004 
t.OOO e.ooso 
t.OOO 0.0444 


0.4044 1.000 0.0040 

O.itu 1.000 o.oost 

0.4474 1.000 0.0010 

0.4400 1.000 O.tOOl 

0.4131 1.000 0.0474 


0.4440 1.000 0.0743 

0.7300 1.000 0.0440 


1.000 0.40M 


1.007 


1.013 

t.OlT 

1.032 

1.023 

1.010 

1.013 

1.007 


1.001 

1.001 

1.001 

1.000 

1.000 

1.000 

1.000 


1.000 

t.OOO 

1.000 


0.STS3 0.M3S 
O.S7S3 0.4033 
4.4404 0.4410 
0.4340 0.4447 
0.4474 0.4304 
0.4434 0.4444 
0.4130 0.4444 
0.ST4J 0.4147 
0.3433 0.4014 
0.3444 0.4047 
0.3441 0.4304 
O.BttO 0.4701 
0.4434 0.4144 
0.4033 0.4444 
0.44M 0.4311 
0.4101 0.4701 
0.4743 O.TSia 
0.7447 0.7143 
0.0144 0.0430 
O.0TT4 0.0000 
0.0304 0.0343 

0.0003 o.Hre 
O.OOIT 0.0733 
0.0014 0.4047 
0.0000 0.0033 


0.1170 I.OOS 
0.1170 t.OU 
0.1043 1.003 

o.oeeiK -01 1.003 
0.40034-31 1.004 
0.34034-31 1.007 
0.10131-31 1.000 
0.44704-03 1.010 
0.43404-33 1.000 
0.44044-03 1.004 
0.44014-33 1.004 
0.71034-33 1.002 
0.t24K-03 1.001 
0.11014-31 1.001 
0.14304-31 1.001 
0.17004-31 1.000 
0.31074-31 t.OOO 
0. 34371-31 1.300 
0.31434-31 t.OOO 
O.OOtOI-31 1.000 
0.41134-31 1 .000 
0.00074-31 1.000 
3.1003 1.000 
0.1003 t.OOO 
0.3440 1.000 


0.3773 

3.1772 

3.3747 

3.3411 

3.3300 

0.3121 

0.3301 

0.1004 

0.1710 

0.1443 

0.1440 

0.1434 

0.143f 

0.1431 

0.1413 

0.1401 

0.1400 

O.lUT 

0.1444 

0.1431 

0.1443 

0.1440 

0.1434 

0.1304 

0.1143 


0.0341 

0.4341 

0.4243 

0.4074 

0.7634 

0.4034 

0.4144 

0.4401 

0.4313 

0.4341 

0.4400 

0.4401 

0,0301 

0.0004 

0.7344 

0.7447 

0.4104 


0.4741 

0.4043 


1.000 


1.000 


1.000 


1.000 

1.000 

1.000 

1.000 


1.000 

1.000 

1.000 


1.000 

1.000 

1.000 

t.OOO 


t.OOO 0.4447 t.m 

t.OOl 1.000 433.0 

1.030 1.000 4.17000*07 

0.1T4TC*04 0.14414*07 0.1331l<»10 


0.1347 

0.1334 

0.1144 

13.44 


0.4477 

0.0447 

1.340 


1.000 

1.000 

1.000 

1.000 


0.T343C-O3 

0.7342C-03 

0.77444-03 

0.01604-02 

0.02441-03 

0.7341t-«3 

0.41104-03 

0.40314-03 

0.44041-03 

0.44104-03 

0.13404-01 

0.73134-01 

0.4341 

0.4341 

0.4301 

0.4301 

0.4301 

0.4301 

0.4301 

0.1040 

0.30304-01 

0.13404-01 

0.44074-03 

0.30414-03 

0.14034-03 

0.11404-03 

0.14434-03 

0.44444-03 

0.1434 

1043. 


9.3 Batch File {cylinder.bat) 

# QSU6 -A S480BM -eo -o cpl.cylinder . 1st -s /bin/sh 

# QSUB -IT 6800 -IM 3.2Mw -IF 50Mb 
ja -m 

PATH=$PATH; . ; export PATH 

rep -p royCaerolS: ./coupled/rad.src/\*.f /tmp 

rep -p royOaerolS: ./coupled/rad_coupling/rad_src/\* ,f /tmp 
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rep -p royeaerolS:./coupled/ra<Lobj_cpl_cylinder/\*.o /tmp 

#rcp -p roy«aerol5:/usr3/roy/ineq3d_nin/radical.cpl. cylinder. a /tmp/radical . i 

rep -p royCaerolS: ./coupled/rad_src/Makefile /tmp 

rep -p royCaerolS: ./coupled/rad_coupling/ineq3d_src/\*.inc /tmp 

cd /tmp ^ 

make 

rm Makefile 

rep -p *.o royCaerolS :./coupled/rad_obj_cpl_cylinder 

rm *.0 

#rcp -p radical. a royeaerol5:/usr3/roy/ineq3d_run/radical.cpl. cylinder. a 


rep -p royCaerolS: ./coupled/ineq3d_src/\<'.f /tmp 

rep -p royCaerolS: ./coupled/rad_coupling/ineq3d_src/\*.f /tmp 

rep -p royCaerolS :./coupled/ineq3d_obj_cpl_cylinder/\*o /tmp 

rep -p royCaerolS: ./coupled/rad_ coupling/ ineq3d_src/dum.o /tmp 

rep -p royCaerolS: ./coupled/ineq3d_src/Makefile /tmp 

#rcp -p royCaerolS:/usr3/roy/ineq3d_run/ineq3d.cpl. cylinder.exe /tmp/ineq3d . exe 


rep -p *.o royCaerolS: ./coupled/ ineq3d_obj_cpl_ cylinder 

rm ♦.o 

#rcp -p ineq3d.exe royCaero IS :/usr3/roy/ineq3d_run/ineq3d. cpl.cylinder.exe 


rep royCaerolS: ./coupled/input.files/specll. cpl.cylinder.dat /tmp/inputfile.dat 

rep royCaerolS: •/coupled/input_files/input2. cpl.cylinder.dat /tmp/fort.88 

rep royCaerolS: ./coupled/input_files/rad.dat /tmp 

rep royCaerolS :./coupled/input_files/mexcite.dat /tmp 

rep royCaerolS: ./coupled/grids/gridS0x70c. cylinder.dat /tmp/f ire2.dat 

rep royCaerolS : /usr3/ roy/ ineq3d_run/convert . iSO . 1634 . f /tmp/convert . f 

cf77 -o convert.exe convert. f 

#rcp royCaerolS : /usr3/roy/ ineq3d_run/f ort . cpl . cylinder . 42 /tmp/f ort . 20 

rep royCaerolS:/usr3/roy/ineq3d_run/fort.42 /tmp/fort.20 

mkdir run 

ineq3d.exe < inputfile.dat > tv40000.wdot_elec.S0x70c. cylinder. 0pt062S. out 

rm core 

mv tv40000*.out run 

#rcp fort . 42 royCaero 1 S : /usr3/roy/ineq3d_run/f ort . cpl . cylinder . 42 

rep fort. 42 royCaero 15 :/usr3/roy/ineq3d_run/f ort .42 

convert.exe 


cp inputfile.dat run 
mv fort. 4* run 
mv fort.l* run 
mv fort.6* run 
mv fort. 26 run 
mv fort.? run 

mv radiation. out rTxn/fort.25 
mv temp^.dat run 

mv molefracl.dat run/molefrac.dat 
mv molefrac30.dat run/molef r30 . dat 
mv molef r50 . dat run 
mv molefr75.dat run 
mv molefr90.dat run 
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mv massfrl«dat rtin 
mv j^.dat run 
mv flow.dat run 
mkdir augd40cp0625 
mv run/* augd40cp0625 

rep -r augd40cp0625 royCaerol5:/usr3/roy/output_f iles 
ja -cfs 


9,4 Post-processing Files 

9.4.1 Flowfield Post-processing File {convert./) 


PROGRAM CONVERT 
C 

C********************************************:***m*m*i**if*ti*i^***if*:t**:^:^^^^,^, 

C***<"******CONVERT UNFORMATTED OUTPUT FROM INEQ3D TO FORMATTED*********** 
C**************0UTPUT ALONG CONSTANT I OR CONSTANT J LINES*************** 

C***************************************....**#**.**+*************Kc..**** 

C 

DIMENSION P ( 100 , 100 , 2) , T ( 100 , 100 , 2) , TV( 100 , 100 , 2) , 

1 XClOO, 100,2) ,Y(100, 100,2) .2(100,100,2), 

2 A(100,100,2) ,B(100,100,2), 

3 0(100,100,2,17), 

4 RMOL(ll) ,FRAC(11) 

C 

SCALE=1.0 

C 

C SET MOLECULAR WEIGHTS 
RM0L(1)=28.016 
RM0L(2)=32.0 
RM0L(3)=30.008 
RMOL(4)=30.008 
RM0L(5)=28.016 
RM0L(6)=32.0 
RM0L(7)=14.008 
RM0L(8)=16.0 
RM0L(9)=14.008 
RMOL(10)=16.0 
RM0L(11)=0. 0005486 
C 

C********READ IN BINARY GRID FILE********************************* 

C 

IUNIT=8 

OPEN (UNIT=IUNIT, FILE="f ire2.dat" , F0RM= * UNFORMATTED * ) 

READ(IUNIT) IDIM.JDIM.KDIM 

READ(IUNIT) (((X(I,J,K),I=1,IDIM),J=1,JDIM),K=1,KDIM), 

+ (((Y(I,J,K) ,I=1,IDIM),J=1,JDIM),K=1,KDIM), 

+ (((Zd.J.K) ,I=1,IDIH),J=1,JDIM) ,K=1,KDIM) 

CLOSE(IUNIT) 
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C********READ in INEQ3D BINARY FLOWFIELD VARIABLE FILES******** «* 

C 

READ(43) NII.NJJ.NKK 
READ(43) ACH,ALPHA2,RE,TLAST 

READ(43) (((P(I.J.K) ,I=1,NII) ,J=1,NJJ) ,K=1,NKK) . 

+ (((T(I,J,K) ,I=1,NII) ,J=1,NJJ) ,K=1,NKK) , 

+ (((TV(I,J,K),I=1,NII),J=1.NJJ),K=1,NKK). 

+ (((A(I,J,K),I=1,NII),J=1,NJJ),K=1,NKK), 

+ (((B(I, J.K) ,I=1,NII) , J=1,NJJ) ,K=1,NKK) 

C 

READ(44) NII.NJJ.NKK 

READ (44) ACH.ALPHA2.RE.TLAST 

READ(44) ((((Q(I.J.K.L).I=1.NII).J=1.NJJ).K=1.NKK).L=1.11) 

C 

READ(45) NII.NJJ.NKK 

READ (45) ACH.ALPHA2.RE.TLAST 

READ(45) ((((Qd. J.K.L) .1=1. Nil) .J=1.NJJ) .K=1.NKK) .L=12.16) 

C 

C«i4ii»4i«* 4‘4‘4<*****RIN is free stream density in gm/cm“3***************** 
C*****RIN=3.72E-8 is for firell 1634***** 

RIN=3.72E-8 

C+****RIN=1 .9964E-8 is for 9 km/sec case***** 

C RIN=1.9964E-8 

C*4<*4<«RIN=4.2930E-8 is for AFE 4 case***** 

C RIN=4.2930E-8 

C 

c ♦♦****convert electrons to mass fraction************************ 

DO 10 I=1,IDIM 
DO 10 J=1,JDIM 
DO 10 K=1.KDIM 

10 Q(I,J.K.ll)=10**Q(I.J.K.ll)*RMOL(ll)/(6.022E23*q(I,J.K.12)*RIN) 

C 

c ******CALCULATE MOLE FRACTIONS FROM MASS FRACTIONS************** 

OPEN (UNIT=22. FILE="molefrl .dat" , FORM= ‘ FORMATTED • ) 

1=1 

K=1 

DO 30 J=1.JDIM 

D=((X(I,J.K)-X(I.1.K))**2.+(Z(I.J.K)-Z(I.1.K))**2.)**0.5 

D=D/SCALE 

RMBAR=0.0 

DO 35 JJ=1,11 

RMBAR=RMBAR+q (I . J .K . J J) /RMOL( J J) 

35 CONTINUE 

RMBAR=1./RMBAR 
DO 37 JJ=1,11 

FRAC(JJ)=RMBAR*q(I.J.K.JJ)/RMOL(jj) 

37 CONTINUE 

WRITE(22.99)D.(FRAC(JJ) .JJ=1.11) 

99 FORMATdX. Ell. 5. IX. Ell. 5. IX. Ell. 5. IX. Ell. 5, IX. Ell. 5. IX. Ell. 5. 

1 IX. Ell. 5. IX. Ell. 5. IX. Ell. 5, IX. Ell. 5. IX. Ell. 5. IX. Ell. 5) 
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30 CONTINUE 
CL0SE(22) 

C 

Q 4(4c4(4c4(4c4c4cXr=J,54(4(4E4c4c4s4(i^ 

OPEN (UNIT=24, FILE="molef rl5.dat” , FORM= » FORMATTED » ) 

I«15 

K=1 

DO 34 J=1,JDIM 

D=((X(I,J,K)-X(I,l,K))+*2.+(Z(I,J,K)-Z(I,l,K))**2.)**0,5 

D=D/SCALE 

RMBAR=0.0 

DO 33 JJ=1,11 

RMBAR=RMBAR+Q(I,J,K,JJ)/RMDL(JJ) 

33 CONTINUE 
RMBAR=1./RMBAR 
DO 39 

FRAC ( J J) =RMBAR*Q ( I , J , K , J J) /RMOL ( J J ) 

39 CONTINUE 

WRITE(24 ,99)D, (FRAC(JJ) , JJ=1 , 11) 

34 CONTINUE 
CL0SE(24) 

C 

C ♦♦♦♦♦♦♦♦I=30******** 

OPEN (UNIT=25, FILE="molef r30.dat” , FORM= ’ FORMATTED ’ ) 

1=30 

K=1 

DO 54 J=1,JDIM 

D=((X(I,J,K)-X(I,1,K))**2.+(Z(I,J,K)“Z(I,1,K))**2,)**0.5 

D=D/SCALE 

RMBAR=0.0 

DO 53 JJ=1,11 

RMBAR=RMBAR+Q (I , J ,K , JJ) /RMOL( JJ) 

53 CONTINUE 
RMBAR=1,/RMBAR 
DO 59 JJ=1,11 

FRAC(JJ)=RMBAR*Q(I,J,K,JJ)/RMOL(JJ) 

59 CONTINUE 

WRITE(25,99)D, (FRAC(JJ) , JJ=1,11) 

54 CONTINUE 
CL0SE(25) 

C 

OPEN (UNIT=26, FILE="molef r40.dat", FORM=' FORMATTED’) 

1=40 

K=1 

DO 64 J=1,JDIM 

D=((X(I,J,K)-X(I,l,K))**2.+(za,J,K)-Z(I,l.K))**2-)**0.6 

D=D/SCALE 

RHBAR=0.0 

DO 63 JJ=1,11 

RMBAR=RHBAR+Q ( I , J , K , J J) /RMOL( J J) 
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63 CONTINUE 
RMBAR=1./RMBAR 
DO 69 

FRAC ( J J ) =RMB AR*Q ( I , J , K , J J) /RMOL ( J J ) 

69 CONTINUE 

WRITE(26,99)D, (FRAC(JJ) , JJ=1, 11) 

64 CONTINUE 
CLOSE (26) 

Kc 4c ♦ 4c 4c 1=50 ^ ^ * 

OPEN (UNIT=27, FILE="molefr50.dat" , FORM= ’ FORMATTED > ) 

1=50 
K=1 

DO 74 J=1,JDIM 

D=((X(I.J,K)-X(I4.K))**2. + (Z(I,J.K)-Z(I,1,K))*^2.)**0.5 
D=D/SCALE 
RMBAR=0.0 
DO 73 JJ=1,11 

RMBAR=RMB AR+Q ( I , J . K , J J ) /RMOL ( J J) 

73 CONTINUE 
RMBAR=1./RMBAR 
DO 79 JJ=1,11 

FRAC ( J J) =RMBAR*Q (I , J , K , J J ) /RMOL ( J J) 

79 CONTINUE 

WRITE (27 , 99) D , (FRAC ( J J) , J J= 1 , 1 1 ) 

74 CONTINUE 
CL0SE(27) 

C 

C « 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c OTHER FILES************** ♦***♦**♦♦♦**’*'****♦♦***♦♦♦* 

C 

K=1 

OPEN (UNIT=39, FILE="diag.dat*\ FORM= ’ FORMATTED O 
WRITE(39 , ♦) ’ title=»DIAGNOSTIC” ’ 

WRITE(39,*) *variables=x,y ,n2,o2,no,no+,n2+,o2+,n+,o+,n,o ,e- , ' , 

1 *rho,p,t , tv, machj gamma* 

WRITE(39,*) *zone t=“zl” ,i=* ,IDIM, * , j=* , JDIM, * ,f =point * 
WRITE(39,*) ((X(I,J,K),Z(I,J,K),(Q(I,J,K,NNN),NNN=1,12), 

1 P(I,J,K),T(I,J,K),TV(I.J,K),A(I.J,K),B(I,J,K), 

1 I=1,IDIM),J=1,JDIM) 

CLOSE (39) 

C 

JE=16 

JRH=12 

JU=13 

JV=14 

JW«15 

C 

OPEN (UNIT=11, FILE=”templ.dat") 

1=1 

K=1 
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DO 200 J=1,JDIM 

D=((X(I,J,K)-X(I,1,K))**2.+(Z(I,J,K)-Z(I,1.K))**2.)**0.5 

D=D/SCALE 

H=q(I,J,K.JE)/Q(I.J,K,JRH)+P(I,J,K)/q(I,J,K,JRH) 
WRITE(11,999) D,T(I,J,K),P(I,J,K),TV(I,J,K),q(I.J,K,12) 

+ ,A(I,J.K),B(I,J,K),H 

200 CONTINUE 
CLOSE(ll) 

C 

OPEN (UNIT=12, FILE="templ5.dat") 

1=15 

K=1 

DO 300 J=1,JDIH 

D=((X(I,J,K)-X(I,1.K))**2.+(Z(I,J,K)-Z(I,1,K))**2.)**0.5 

D=D/SCALE 

H=q(I.J,K,JE)/q(I,J.K,JRH)+P(I.J,K)/q(I,J,K,JRH) 
WRITE(12,999) D,T(I,J,K) ,P(I , J.K) ,TV(I , J,K) ,q(I, J,K, 12) 

+ .A(I,J.K),B(I,J,K),H 

300 CONTINUE 
CLOSE (12) 

C 

OPEN (UNIT=13, F I LE=" temp30.dat") 

1=30 

K=1 

DO 500 J=1,JDIM 

D=((X(I,J,K)-X(I,1,K))**2.+(Z(I,J,K)-Z(I,1,K))**2.)**0.5 

D=D/SCALE 

H=q(I.J,K,JE)/q(I,J,K,JRH)+P(I.J.K)/q(I,J,K,JRH) 
WRITE(13,999) D,T(I,J,K) ,P(I,J,K) ,TV(I, J.K) ,q(I.J.K,12) 

4 ,A(I,J,K),B(I.J,K),H 

500 CONTINUE 
CL0SE(13) 

C 

OPEN (UNIT=36, FILE="temp40.dat") 

1=40 

K=1 

DO 525 J=1,JDIM 

D=((X(I,J,K)-X(I,1,K))**2.4(Z(I,J,K)-Z(I,1.K))**2.)4*0.6 

D=D/SCALE 

H=q(I,J.K,JE)/q(I,J,K,JRH)4P(I,J,K)/q(I,J,K,JRH) 
WRITE(36,999) D,T(I,J,K) ,P(I, J.K) ,TV(I,J,K),q(I,J,K,12) 

4 .A(I,J,K),B(I,J.K),H 

525 CONTINUE 
CL0SE(36) 

C 

OPEN (UNIT=33, FILE="temp50.dat") 

1=50 

K=1 

DO 550 J=1,JDIM 

D=((X(I,J,K)-X(I,1,K))**2.4(Z(I,J,K)-Z(I,1.K))**2.)**0.5 

D=D/SCALE 
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H=Q(I,J,K,JE)/Q(I,J,K,JRH)+P(I,J,K)/q(I,J,K,JRH) 

WRITE(33,999) D,T(I, J.K) ,P(I, J.K) ,TV(I, J.K) ,Q(I, J.K.12) 
+ ,A(I,J,K),B(I,J,K),H 

550 CONTINUE 
CL0SE(33) 

C 

K=1 

OPEN (UNIT=14, FILE="jouter .dat") 

DO 600 I=1,IDIH 

WRITE(14,*) I,T(I,JDIH,K),P(I,JDIM,K),TV(I.JDIH,K), 

+ Q(I,JDIM,K,12) ,A(I,JDIH,K),B(I,JDIM,K) 

600 CONTINUE 
CLOSE (14) 

C 

K=1 

OPEN (UNIT=37. FILE=" jl .dat") 

DO 620 I=1,IDIM 

WRITE(37,f) I,T(I,l,K).P(I,l,K),TV(I,l,K),q(I.l,K,12) 

+ .A(I,1.K),B(I,1.K) 

620 CONTINUE 
CL0SE(37) 

999 F0RMAT(1X,7(2X,E15.5) ,2X,E20. 10) 

STOP 

END 


9.4.2 Radiation Post-processing File (mdnew.f) 


PROGRAM RAD 

RADIATION POST-PROCESSING FILE UPDATED 6/94 

IANS = 1 

CALL PLOT (IANS) 

CONTINUE 

STOP 

END 


SUBROUTINE PLOT(IPLT) 

DIMENSION GV (200) , Gq (200 , 4) , DV (5050) , Dq (5050 , 4) 
DIMENSION IPKRAY(400) 

L = 1 

GMAX =0.0 
CALL READIN(L) 

CALL GROUP(NG.GV.Gq(l,L),GMAXl) 
IF(GMAXl.GT.GMAX) GMAX = GMAXl 
CALL DETAIL(ND,DV,DQ(1,L)) 

801 CONTINUE 
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WRITE(*,*) ' Calculated GMAX = ^GMAX 
C ♦♦♦♦OUTPUT RADIATIVE INTENSITY TO FILES 65 AND 
c WRITE(65,^) NG, GMAX 

DO 950 1=1, NG 

950 WRITE(65,*)GV(I),GQ(I,L) 

c VRITE(66,^) ND 

DO 960 1=1, ND 

960 WRITE(66,^)DV(I) ,DQ(I,L) 

Q ^[^(^(^[♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^ 

999 RETURN 
END 

c 

subroutine readin(ll) 

common /datain/ ncont ,nline,vcont(50) ,qcont (50) ,qcent (20) , 
1 vline(5000) ,qline(5000) ,11(5000) ,12(5000) , 13(5000) 
character f irst^l,rest^80,star^l 
data star/’^V 
ncont = 36 
mm = 24 + 11 
do 10 i=l, ncont 

10 read(mm, 1000) vcont(i) ,qcont(i) 
k = 0 
nline = 0 

20 read(mm, 1010,end=999) first, rest 
if (first .eq. star) then 
k=k+l 

read(rest ,1020) qcent(k) 
else 

nline=nline+l 
1 = nline 

read(rest,1030) vline(l) ,qline(l) ,11(1) ,12(1) ,13(1) 
end if 
goto 20 
999 return 

1000 format(2F15.4,3I5) 

1010 format (A1,A80) 

1020 format (25X , F 15 . 4) 

1030 format (F14 . 4 ,F15 , 4 , 315) 
end 
c 

subroutine group (ng,gv,gq,gm 2 Lx) 

common /datain/ ncont , nline , vcont (50) , qcont (50) , qcent (20) , 
1 vline(5000) ,qline(5000) ,11(5000) ,12(5000) ,13(5000) 
dimension gv(200) ,gq(200) 
dimension vmin(20) ,vmax(20) 
data ncent/20/ 

data vmin/0. 60, 0.85, 0.96, 1,2, 1.4, 1.62, 2. 4, 3. 4, 6. 2, 8. 0,8. 6, 
1 9.0,9.7,10.45,10.80,11.70,12.10,12.80,13.40,13.8/ 
data vmax/0.80,0.95, 1.2, 1.4, 1.6,2.4,3.34,4.0,8.0,8.6,9.0, 

1 9.7,10.45,10.80,11.70,12.10,12.80,13.40,13.80,14.50/ 
c 
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do 10 i=l,ncent 

qcent(i) = qcent(i) / (vmax(i)-vmin(i)) 

10 continue 

c 

i = 1 
k = 1 

j = 0 

15 j = j+1 

20 if(vcont(i) .ge, vmin(j)) goto 30 

gv(k) = vcont(i) 
gq(k) = qcont(i) 
k=k+l 
i=i+l 
goto 20 

30 ratio = (vmin(j) - vcont (i-l))/(vcont(i) - vcont(i-l)) 

q = qcont(i-l) * (1. -ratio) + qcont (i)*ratio 
gv(k) = vmin(j) 
gq(k) = q 
k=k+l 

35 • q = q + qcent(j) 
gv(k) = vmin(j) 
gq(k) = q 
k=k+l 

if (vcont (i) ,eq, vmin(j)) i=i+l 

40 if (vcont (i) .ge. vmax(j)) goto 50 

q = qcent(j) + qcont(i) 
gv(k) = vcont (i) 
gq(k) = q 
k=k+l 
i=i+l 
goto 40 

50 ratio = (vmax(j) - vcont (i-1))/ (vcont (i) - vcont(i-l)) 

q = qcent(j) + qcont(i-l) * (1. -ratio) + qcont(i)*ratio 
gv(k) = vmax(j) 
gq(k) = q 
k=k+l 

q = q - qcent(j) 

if (j .ne.ncent .and, vmin(j+l) .eq. vmax(j)) tken 

goto 35 
endif 

gv(k) « vmax(j) 
gq(k) = q 
k=k-H 

if(vcont(i) .eq. vmax(j)) i=i+l 
if (j .It.ncent) goto 15 
if(i .It. ncont) then 
do 110 j*=i, ncont 
gv(k) = vcont (j) 
gq(k) = qcont(j) 
k=k+l 
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continue 
endif 

ng = k - 1 
gmax = 0.0 
do 120 j=l,ng 
120 if (gq(j) .gt.gmax) gmax = gq(j) 
return 
end 
c 

subroutine detail (nd,dv,dq) 

common /datain/ ncont ,nline, vcont(50) ,qcont (50) ,qcent (20) , 
1 vline(SOOO) ,qline(5000) ,11(5000) ,12(5000) ,13(5000) 
dimension dv(5050) ,dq(5050) 
c 

ii = 1 

V = vline(ii) 
q = qline(ii) 

11 = ll(ii) 

12 « 12(ii) 

13 = 13(ii) 
i = 1 

k = 1 

2 jl = il 
j2 = i2 

if(vcont(i) .It. v) then 
dv(k) = vcont(i) 
dq(k) = qcont(i) 
i=i+l 
k=k+l 
goto 2 
endif 

ratio = (v - vcont(i“l))/(vcont(i) - vcont(i-l)) 
qq = qcont(i“l)*(l. -ratio) + qcont(i) ♦ratio 
dv(k) = V 
dq(k) = qq 
k=k+l 

3 void = V 

dv(k) *= V 
dq(k) = q 
k=k+l 
ii:=ii-i-l 

if (ii.gt.nline) goto 999 

V = vline(ii) 
q = qline(ii) 

11 = ll(ii) 

12 *= 12(ii) 

13 = 13(ii) 

if(jl. eq.il .and. j2.eq.i2) goto 3 

4 if(vcont(i) .It. void) then 

i=i+l 
goto 4 
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endif 

ratio = (void - vcont (i-l))/(vcont(i) - vcont(i-l)) 

qq = qcontCi-D^Cl, -ratio) + qcont(i)*ratio 

dv(k) = void 

dq(k) « qq 

k=k+l 

goto 2 

999 if(vcont(i) .It, void) then 
i=i+l 
goto 999 
endif 

ratio = (void - vcont (i-l))/(vcont(i) - vcont(i-l)) 
qq = qcont(i-l)*(l. -ratio) + qcont(i)*ratio 
dv(k) = void 
dq(k) = qq 
k=k+l 

do 20 j=i,ncont 
dv(k) = vcont (j) 
dq(k) = qcont(j) 

20 k=k+l 

nd = k - 1 

return 

end 

9.5 Listing of Modified Subroutines and Include Files 

9.5.1 indxlAnc 

This include file was modified to pass the four new parameter variables (IICPL, JJCPL, KKCPL, 
and JSPEC) as well as the variable TCH (chemical time-step modification) for use in the restart 


C file indx.inc 

COHHON/I/ JTRN , JC , JCF , JCL , JADD , JEl , JE2 , JRH , JU, JV , JW , JE , JEV , 
1 JVF , JVL , NS 1 . NSL , N JRH , N JU , N JV , N JW , M JE , N JEV , N JVF , NJVL , 

1 JN2 , J02 , JNO , JNQP , JN2P , J02P , JNP , JOP , JN , JO , JECC, 

2 TCH, IICPL, JJCPL, KKCPL, JSPEC 

C file end 


9.5.2 main.f 

Modification to mam./ include: 


• the addition of four new parameters which are dependent on the sisie of the grid as well as the 
number of species (IRCPL, JRCPL, KRCPL, and JRSPEC) 

• reading in two addtional flags (RSTAG and RBODY) from the first line of the input file 

• adding loops to allow radiative frequency spectra to be calculated along both the stagnation 
streamline and the body 
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PROGRAM MAIN 


C 

C file btypl*inc 

C COMMON/B/BDX 1 , BDXN , BDYl , BD YN , BDZl , BDZN 

C INTEGER BDXl ,BDXN,BDY1 ,BDYN, BDZl .BDZN 

C file end 

C 

C file contl.inc 

C COMMON/C/ ACH , ALPHA , GAMMA , GA , FUIN . FVIN . FWIN , PIN , TIN . RIN . 

Cl TW , SCALE . CONS , EVIBIN , GBNEQ , FRAC (11) 

C file end 

C 

C file indxl.inc 

C COMMON/I/ JTRN , JC , JCF . JCL , JADD , JEl , JE2 , JRH , JU . JV , JW , JE , JEV , 

C 1 J VF , J VL , NS 1 , NSL , N JRH , N JU , N J V , N JW , N JE , N JEV , N J VF , N J VL , 

C 1 JN2 , J02 , JNO , JNOP , JN2P , J02P , JNP , JOP , JN , JO , JECC , 

C 2 TCH,IICPL,JJCPL,KKCPL.JSPEC 

C file end 

C 

C file reacl.inc 

C C0MM0N/R/NRCT,KI0NF,ITYPE(30) .KI0NR(3O) ,IPR(30,6) .C0EFA(30) , 

C 1 C0EFB(30),ETA(30),EI0N(30) 

C f ile end 

C 

C file therml.inc 

C COMMON/Tl/WMOL(ll) .RMOL(ll) ,C0EF(8, 11) ,CVIB(11) , 

C 1 GDEGER(3.11),CELR0N(3,11) .ELCRS(ll) 

C file end 

C 

C file tliml.inc 

C C0MM0N/T2/TL0W, THIGH, TSLOW.TSHIGH.ETRMAXC 11) ,ETRMIN(11) , 

C 1 EVBMAXdD.EVBMINdl) 

C file end 

include * btypl . inc ' 
include ' cent 1 . inc ’ 
include ’indxl.inc’ 
include ’reacl.inc^ 
include ^therml . inc’ 
include ’tliml.inc’ 

PARAMETER(NFDIM=1950000, NIDIM=17000) 

C ♦♦♦New parameters for radiative coupling (corresp. to grid size)^** 
PARAMETER ( IRCPL=60 , JRCPL= 100 , KRCPL=3 . JRSPEC= 1 1 ) 

DIMENSION F(NFDIM) .lAF(NIDIM) ,VOLD(IRCPL, JRCPL,KRCPL, JRSPEC) , 

2 DQDYdOO) 

INTEGER q,QOLD,DELQ.P.A.B,PHI.T,TV.CJAB.DT,X,Y,Z,VOL, 

1 DFMX . DFMX 1 , CSR , RSR . PSR . TSR , TVSR , ASR , RUSR , RVSR , RWSR . RESR . 

1 EVSR.W.EGION.DUMl.FSTP, 

1 F1,F2.F3,F4,F5,F6,F7,F8,F9,F10,F11,F12. 

1 F13,F14,F15,F16,F17,F18,F19,F20,F21.F22,F23,F24, 

1 F25 . F26 , F27 , F28 , F29 . F30 , F31 , F32 . F33 . F34 , F35 , F36 . 
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1 F37 , F38 , F39 . F40 , F4 1 , F42 , F43 , F44 , F45 , F46 , F47 , F48 . F49 , 

1 F50,F51,F52,F53,F54,F55,F56,F57,F58,F59,F60,F61,F62, 

1 F63 , F64 , F65 , F66 , F67 , F68 , F69 , F70 , F7 1 , F72 , F73 , F74 , F75 , 

1 F76 , F77 , F78 , F79 , F80 , F8 1 , F82 , F83 , F84 , F85 , F86 , F87 , F88 , 

1 F89 , F90 , F9 1 , F92 , F93 , F94 , F95 , F96 , F97 , F98 , F99 , FlOO , 

1 F101,F102,F103.F104,F105,F106,F107,F108,F109,F110, 

1 F111,F112,F113,F114,F116,F116,F117,F118,F119,F120, 

1 F121 ,F122 ,F123 ,F124 , F125 , F126 , F127 , F128 , F129 .F130 , 

1 F131,F132,F133,F134,F135,F136,F137.F138,F139,F140 
REAL LEWIS 

LOGICAL NSTOKE , MULTM . HAD J , HFLXI . HFLX , AVG , RESTA , GFDUM , GDUM , 

1 FDUM , IGRID , 0UTP7 , THIN , ADI AB , NORML , RSTAG , RBODY 
C 

IICPL=IRCPL 

JJCPL=JRCPL 

KKCPL=KRCPL 

JSPEC=JRSPEC 

READ (5 , *) MULTM , NSTOKE , THIN , ADIAB , RSTAG . RBODY 
READ (5 , ♦) HFLXI , NORML . HAD J , IGRID , AVG 
READ (5,*) RESTA, GFDUM, GDUM, FDUM, 0UTP7 
READCS,*) NS, NR 

READ (5 , ♦) NI ,N J , NK , KTEST , FSTP , LSTP , NSTP , KMOD 

READ (5 . ♦) BDXl , BDXN , BDYl , BDYN , BDZl , BDZN 

READ(5,*) IFILE,ITVD,ILIM 

READ (5,*) RLIM1,RLIM2,FAV 

READ(5,*) CFLO, ORDER, ESPI,ESPJ,ESPK 

READ(5,*) UO,PIN.TIN,ALPHAl,TLAST 

READ (5,*) GAMMA, PRTL, LEWIS, TW 

DATA XREF , YREF , ZREF , AREF , CREF/3* . 0 , 2* 1 . / 

C******* ♦♦♦*♦♦♦♦♦♦♦♦♦**♦*******♦**♦*****♦♦•♦**♦♦**♦***♦♦*♦**♦***’'“'' 

CALL CHEM (MULTM , KTEST , NS , NR , NSLP , NLST , JCP , JLST) 

C 

NIM=NI-1 

NIP=NI+1 

NJM=NJ-1 

NJP=NJ+1 

NKM=NK-1 

NKP=NK+1 

NAX=MAXO(NJ,NK) 

MAX=MAXO (NIP ,NJP ,NKP) 

NIP2=NI+2 

NJP2=NJ+2 

NKP2=NK+2 

NIJ*=NI*NJ 

NIJK=NIJ^NK 

NIJKM=NIM+NJM*NKM 

NIJKP=NIP*NJP*NKP 

NIK=NI*NK 

NIKP=NIP*NKP 

C 
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KPL=NI+NJ+NK-6 

JMJ=1 

KMK=JMJ+NJ 

JMJP=KMK+NK 

KMKP=JMJP+NJ 

NPT=KMKP+NK 

NPTO=NPT+KPL 

KPT=NPTO+KPL 

KPTO=KPT+NIJKM 

IS=KPTO+NIJKM 

JT0TAL=IS+NR>*'6 

CALL INDX (NI , N J , NK , NIP , N JP , N IJ , NIJKM , 

1 KPL.IAF(JMJ) ,IAF(KMK) ,IAF(JMJP) .lAF(KMKP) , 

1 lAF(NPT) .lAF(NPTO) ,IAF(KPT) ,IAF(KPTO) ,IPMAX) 

WRITE(6,») »JTOTAL IPMAX' 

WRITE(6,*) JTOTAL.IPMAX 

q=i 

DELQ= Q+JLST+NIJKP 
P=DELQ +NLST+NIJKP 
T =P+NIJKP 
TV=T 

IF(MULTM) TV=T+NIJKP 
B =TV +NIJKP 
PHI =B +NIJKP 
A =PHI+NIJKP 
CJAB=A +NIJKP 
QOLD=B 

DT=CJAB +NSLP*NIJKP 
X=DT+NIJK 
Y=X+NIJK 
Z=Y+NIJK 
VOL =Z+NIJK 
DFMX=VOL+NIJKP 
DFMX1= DFMX +NLST 
CSR = DFMX14NLST 
RSR = CSR +JC*NIKP 
PSR = RSR +NIKP 
TSR = PSR +NIKP 
TVSR=TSR+NIKP 
ASR = TVSR +NIKP 
RUSR = ASR +NIKP 
RVSR «= RUSR 4NIKP 
RWSR = RVSR +NIKP 
RESR = RWSR +NIKP 
EVSR = RESR +NIKP 
W = EVSR +NIKP 
EGION= W+NIJ*JCP 
DUMl = EGION+NIJ 
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c 


F1=DUM1 

F2=DUM1 

F3=F2+NI*4 

F4=F3-»-NI*4 

NUM1=12*NI 

F5 = DUMl 

F6 = F5+NAX*NI*JLST 

F7 = F6+NAX*NI 

F8 = F7+NAX*NI 

F9 = F8+NAX*NI 

F10= F9+NAX*NI 

F11=F10+NAX*NI 

F12=F11+NAX*NI 

F13=F12+NAX*NI 

F14=F13+NAX*NI 

F15=F14+NAX*NI 

F16=F15+NAX*NI*NLST 

F17=F16+NAX*NI 

F18=F17+NAX*NI 

F19=F18+NAX*NI 

F20=F19+NAX*NI 

F21=F16 

F22=F17 

F23=F18 

F24=F19 

F25=F20+NAX*NI ♦ JLST 

F26=F25+NAX^NI 

F27=F26+NAX*NI 

F28=F27+MAX 

F29=F28+MAX 

F30=F29+MAX 

F31=F30+MAX 

F32=F31-«-MAX 

F33=F32+MAX 

F34=F33'i-MAX 

F35=F34+NAX*NI 

F36=F35+NAX*NI*NS 

NUMM=F36+NAX*NI*NS - DUMl 

F38 =F20+3*MAX 

F39 =F38+3*MAX 

F40 =F39+MAX 

F41 =F40+MAX 

F42 =F41+MAX 

F43 =F42+HAX 

F44 =F43-t-MAX 

F45 =F44+MAX 

F46 =F45+MAX 

F47 =F46+MAX 

F48 =F47+MAX*NS 
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F49 =F48+MAX*NLST 
F50 =F49+MAX*NLST 
F51 =F60+MAX^NLST*MLST 
NUMM2=F51+MAX^NLST*NLST - DUMl 
NUM2 =MAX0(NUMM,NUMM2) 

F52=DUM1 

F53=F52+NLST*NLST*IPMAX 
F54=F53+ NS*IPMAX 

F55=F54+ NLST* IPMAX 

F56=F55+ 3+IPMAX 

F57=F56+ 4* IPMAX 

NUH3=IPMAX*(NLST*NLST+NLST+NS+8) 

F37=DUM1 

F58=F37+MAX 

F59=F58+MAX 

F60=F59+MAX 

F61=F60+MAX 

F62=F61+MAX 

F63=F62+MAX 

F64=F63+MAX 

F65=F64+NIJ 

F66=F65+NIJ 

F67=F66+NIJ 

F68=F67+NIJ*NS 

F69=F68+NIJ*NS 

F70=F69+NIJ*NS 

F71=F70+NIJ*NS 

NUM4=7*MAX+3+NIJ+5*NS*NIJ 

F72=DUM1 

F73=F72+JLST 

F74=F73+NI 

F75=F74+NI 

F76=F75+NI 

F77=F76+NI 

F78=F77+NI 

F79=F78+NI 

F80=F79+NI 

F81=F80+NI 

F82=F81+NI 

F83=F82+3*NI 

F84=F83+3*NI 

F85=F84+3*NI 

F86«F85+3*NI 

F87=F86+3*NI 

F88=F87+3*NI 

F89=F88+3*NI 

F90=F89+3*NI 

F91=F90+3*NI 
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F92=F91+3*NI 

F93=F92+3*NI 

F94=F934-NS*NI 

F95=F944NS*NI 

F96=F95+NS*NI 

F97=F96+NIK 

F98=F97+NIK 

F99=F98+NIK 

F100=F99+NIK 

F101=F100+NIK 

F102=F101+NIK 

F103=F102+MAX 

F104=F103+MAX 

NUM5=JLST+42*NI+3*NS*NI+6*NIK+3*MAX 

F105=DUM1 

F106=F105+NI 

F107=F106+NI 

F108=F107+NI 

F109=F108+NI 

F110=F109+NI 

F111=F110+NI 

F112=F111+NI 

F113=F112+NI 

F114=F113+NI 

F115=F114+NI 

F116=F115+NI 

F117=F116+NI 

F118=F117+NI 

F119=F118+NI 

F120=F119+NR*6 

F121=F120+NR*6 

F122=F121+NR*6 

F123=F122+NR*6 

F124=F123+JCP*NR 

F125=F124-i-NR*NI 

F126=F125+NR*NI 

F127=F126+NR*NI 

F128=F127+NR*NI 

F129=F128+NR«NI 

F130=F129+JCP*NI 

F131=F130+JCP*NI 

F132=F131+JCP*NI 

NUM6=14*NI+ (24+JCP+5+NI) *NR+4^ JCP*NI 

F133=DUM1 

F134=F133+MAX 

F135=F134+NIP»NJP*JLST 

F136=F135+NIP*NJP 

F137=F136+NIP*NJP 

F138=F137+NIP*NJP 



F139=F138+NIP*NJP 
NUM7=NS+HAX+( JLST+4) *NIP*NJP 

NT0TAL=DUM1+MAX0 (NUMl ,NUM2 , NUM3 ,NUM4 ,NUM5 ,NUM6 ,NUM7) 
WRITE(6,*) ‘DUM1,NUM1,NUM2,NUM3,NUM4,NUM5,NUM6,NUH7,NT0TAL» 
WRITE(6,*) DUM1,NUM1.NUM2,NUH3,NUM4,NUMS,NUM6,NUM7,NT0TAL 
C 
C 

C*******'<'***'t'**** ****♦♦♦*♦♦♦♦*♦♦♦♦**♦ ♦♦♦♦*♦♦*♦♦*♦♦♦*♦♦♦*♦* 

CALL GRID(NI,NJ,NK,F(X) ,F(Y) ,F(Z) .XREF.YREF.ZREF.AREF.CREF, 
1 SCALE) 

C 

CALL START (RESTA , MULTH , NI , HIM , NIP , N J , N JM , N JP , NK , NKM, NKP , 

1 JLST . UO , ALPHAl , CFLO , CFL , RE , TLAST , F (Q) , F (P) , F (A) , F (B) , 

1 F(PHI) ,F(T) ,F(TV) ,F(X) ,F(Y) ,F(Z) ,F(VOL) .WOLD) 

C 

IF (.NOT. RESTA) THEN 

CALL INIT(NIP,NJP,NKP, JLST.NS.FCQ) ,F(P) ,F(A) ,F(B) ,F(PHI) , 

1 F(T),F(TV)) 

ENDIF 

C 

DO 10 ISTP=FSTP,LSTP 
C 

CALL LOCDT (NI , N J , NK , NIP , N JP , NKP , JLST , CFL . F (Q) , 

1 F(P) ,F(B) ,F(X) ,F(Y) ,F(Z) ,F(DT) ,F(F2) ,F(F3) ,F(F4)) 

C 

CALL INVRHS (MULTM . RESTA , HFLXI , HFLX , ISTP . NSTP , NI , N J , NK , 

1 N IP , N JP , NKP , NIM , N JM , NKM , NAX , MAX , NS , NLST , JLST , 

1 ITVD,ILIM,RLIM1.RLIM2, ORDER, F(Q) ,F(DELQ) ,F(P) ,F(T) ,F(TV) , 

1 F(B) ,F(DT) ,F(X) ,F(Y) ,F(Z) ,F(F5) ,F(F6) ,F(F7) ,F(F8) ,F(F9) , 

1 F(FIO) ,F(F11) ,F(F12) ,F(F13) ,F(F14) ,F(F15) ,F(F16) ,F(F17) . 

1 F(F18) ,F(F19) ,F(F21) ,F(F22) ,F(F23) ,F(F24) ,F(F20) . 

1 F(F25) ,F(F26) ,F(F27) ,F(F28) ,F(F29) ,F(F30) ,F(F31) ,F(F32) , 

1 F(F33),F(F34),F(F35),F(F36), 

1 F(F20) ,F(F38) ,F(F39) ,F(F40) ,F(F41) ,F(F42) ,F(F43) ,F(F44) , 

1 F(F45) ,F(F46) ,F(F47) ,F(F48) ,F(F49) ,F(F50) ,F(F51)) 

C 

C 

CALL SOURCE (MULTM , ISTP , NI , N J , NK , NIP , N JP , NKP ,NS , NSLP , JCP , 

1 JLST, NLST, NR, IAF( IS) ,F(Q) ,F(DELQ) ,F(P) ,F(T) ,F(TV) ,F(CJAB) , 
1 F(DT) ,F(X) ,F(Y) ,F(Z) ,F(VOL) ,F(W) . 

1 F(EGION) ,F(F105) ,F(F106) ,F(F107) ,F(F108) ,F(F109) ,F(F110) , 

1 F(FIH) ,F(F112) ,F(F113) ,F(F114) ,F(F115) ,F(F116) ,F(F117) , 

1 F(F118) ,F(F119) ,F(F120) ,F(F121) ,F(F122) ,F(F123) ,F(F124) , 

1 F(F125) ,F(F126) ,F(F127) ,F(F128) ,F(F129) ,F(F130) ,F(F131) , 

1 F(F132) .RESTA, FSTP, WOLD) 

C 

CALL SOLVC (MULTM, NI.NJ.NK, NIP, NJP, NKP, NKP2,NIJ,NIJK, 

1 NI JKM , NI JKP , NS , NSLP , NLST , JLST , KPL , lAF (NPT) , I AF (NPTO) . 

1 IPMAX.IAF(KPT) , lAF(KPTO) ,F(Q) ,F(DELQ) ,F(DELQ) ,F(P) , 

1 F(T) ,F(TV) ,F(B) ,F(PHI) ,F(CJAB) ,F(DT) ,F(X) ,F(Y) ,F(Z) , 


83 



o o o 


1 F(F52) ,F(F53) ,F(F54) ,F(FS5) ,F(F56) ,F(F57)) 

C 

CALL ADVCE (HULTH , NSTOKE , HAD J , AVG , NI , N J , MK , NIP , N JP , NKP , JLST , NS , 
1 NLST,FAV,F(Q) ,F(DELQ) ,F(P) ,F(Q0LD) ,F(F72) ,F(F73) ,F(F74) , 

1 F(F75)) 

C 

CALL TEMP (MULTM , NSTOKE , NI , N J , NK , NIP , N JP , NKP , MAX , NS , JLST , NLST , 

1 F(Q) ,F(P) ,F(T) ,F(TV) ,F(B) ,F(PHI) ,F(A) ,F(QOLD) ,F(F37) ,F(F58) , 

1 F(F59) ,F(F60) ,F(F61) ,F(F62) ,F(F63) ,F(F64) ,F(F65) ,F(F66) , 

1 F(F67) ,F(F68) ,F(F69) ,F(F70) ,F(F71)) 

C 

CALL BNDY (MAX,NI,NJ,NK,NIM,NIP,NJP,NKP, NKP2 , JLST , NS , 

1 F(Q) ,F(P) ,F(T) ,F(TV) ,F(B) ,F(PHI) ,F(A) ,F(X) ,F(Y) . 

1 F(Z),F(F37)) 

C 

IF(BDY1.EQ.5) THEN 

IF(NK.EQ.2) THEN 

CALL YWL2D (MULTM , NORML , AVG . ISTP , MAX , NI , N J , NK , NIM.NIP ,NJP . NKP , 

1 NKP2,NS,JLST,FAV,F(Q) ,F(P) ,F(T) ,F(TV) ,F(B) ,F(PHI) ,F(A) ,F(X) , 

1 F(Y) ,F(Z) ,F(VOL) ,F(CSR) ,F(RSR) ,F(PSR) ,F(TSR) ,F(TVSR) , 

1 F(ASR) ,F(RUSR) ,F(RVSR) ,F(RWSR) ,F(RESR) ,F(EVSR) ,F(F72) , 

1 F(F73) ,F(F74) ,F(F75) ,F(F76) ,F(F77) ,F(F78) ,F(F79) ,F(F80) , 

1 F(F81) ,F(F82) ,F(F83) ,F(F84) ,F(F85) ,F(F86) ,F(F87) ,F(F88) , 

1 F(F89) ,F(F90) ,F(F91) ,F(F92) ,F(F93) ,F(F94) ,F(F95) ,F(F96) , 

1 F(F97) ,F(F98) ,F(F99) ,F(F100) ,F(F101) ,F(F102) ,F(F103) , 

1 F(F104)) 

ELSE 

CALL YWALL (MULTM , NORML , AVG , ISTP , MAX , NI , N J , NK , NIM.NIP , NJP , NKP . 
1 NKP2.NS, JLST,FAV,F(Q) ,F(P) ,F(T) ,F(TV) ,F(B) ,F(PHI) ,F(A) ,F(X) , 
1 F(Y) ,F(Z) ,F(VOL) ,F(CSR) ,F(RSR) ,F(PSR) ,F(TSR) ,F(TVSR) , 

1 F(ASR) ,F(RUSR) ,F(RVSR) ,F(RWSR) ,F(RESR) ,F(EVSR) ,F(F72) , 

1 F(F73) ,F(F74) ,F(F75) ,F(F76) ,F(F77) ,F(F78) ,F(F79) ,F(F80) , 

1 F(F81) ,F(F82) ,F(F83) ,F(F84) ,F(F85) ,F(F86) ,F(F87) ,F(F88) , 

1 F(F89) ,F(F90) ,F(F91) ,F(F92) ,F(F93) ,F(F94) ,F(F95) ,F(F96) , 

1 F(F97) ,F(F98) ,F(F99) ,F(F100) ,F(F101) ,F(F102) ,F(F103) , 

1 F(F104)) 

ENDIF 

ENDIF 

C 

ISTPO=ISTP-FSTP 

IF(MOD(ISTPO,KMOD).EQ.O) THEM 

CALL REROR(MULTM , FSTP , ISTP , IFILE , MAX , NI , NJ , MK , NIP , NJP , 

1 NKP, NLST, F(DELQ),F(DFMX),F(DFMX1),F(A),F(F37),F(DT)) 

ENDIF 

C 

10 CONTINUE 

****radiative post-processing: STAGNATION STREAMLINE**** 


IF(RSTAG) THEN 
1=2 
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K=2 

CALL RADCALC (DQDY , I , K , NI , N J , NK , NIP , M JP , NKP , F (Q) , F (P) , 
1 F(T) ,F(TV) ,F(X) ,F(Y) ,F(Z) , JC, JLST, JRH.l) 

ENDIF 


♦♦♦♦radiative post-processing: ALONG BODY^^^^ 


IF(RBODY) THEN 
K=2 

DO 600 1=2, NI 

CALL RADCALC (DQDY , I , K , NI , N J , NK . NIP , N JP . NKP , F (Q) , F(P) , 

1 F(T) ,F(TV) ,F(X) ,F(Y) ,F(Z) , JC. JLST. JRH, 1) 

600 CONTINUE 

ENDIF 

C 

IF(0UTP7) THEN 

CALL OUT (NI , N J , NK , NIP . N JP , NKP , JLST ,F(Q).F(P),F (VOL) ) 

ENDIF 

C 

IF(GDUM .OR. FDUM .OR. GFDUM) THEN 
C 

CALL DUM (HULTM , IGRID , GFDUM , GDUH , FDUM , MAX , IFILE , NI , NIH .NIP , 

1 NJ,NJM,NJP.NK,NKM,NKP,NKP2,JLST,NS,XREF,YREF,ZREF,AREF,CREF, 
1 RE.TLAST.F(Q) .F(P) ,F(T) ,F(TV) ,F(B) ,F(PHI) ,F(A) ,F(X) , 

1 F(Y) ,F(Z) ,F(VOL) ,F(CSR) ,F(RSR) ,F(PSR) ,F(TSR) ,F(TVSR) ,F(ASR) , 
1 F(RUSR) ,F(RVSR) ,F(RWSR) ,F(RESR) ,F(EVSR) .F(F133) ,F(F134) , 

1 F(F135) ,F(F136) .F(F137) ,F(F138) ,F(F139) .WOLD) 

C 

ENDIF 

C 

STOP 

END 


9.5.3 diss.f 

Tliis subroutine was modified to include Park’s XTV effective temperature model and chemical rate 
relaxation. 


SUBROUTINE DISS (MULTM .ISTP.K.NI.NJ.NK.NIP.NJP, 

1 NKP.NS.NSLP.JLST.JCP.NR.IS.Q.TT.TV.CJAB.W.EGION, 

1 DUM 1 , DUH2 , DUM3 , DUM4 , DUM5 , DUM6 . DUM7 , DUMB , DUM9 , DUMIO , 

1 RHO.T.TTV.WM.STRN.SVIB.SELC.CMFC.FDW.WDEL.DSDF.GDUMl, 

1 GDUM2 . GDUM3 , GRT . GRVB , CM , DW , WOLD , WFAC , RESTA , 

2 TM0DEL,QPARK,IPARK1,IPARK2) 

LOGICAL MULTM, RESTA, THODEL 

DIMENSION KREX(53),CJAB(NIP.NJP.NKP,NSLP). 

1 Q (NIP , N JP , NKP , JLST) , TT (NIP , N JP , NKP) , 

1 TV(NIP,NJP,NKP) ,EGION(NI,NJ) ,W(NI,NJ, JCP) , 

1 GRT(JCP.NI) ,CHFC(NR,6) ,STRN(NR,6) ,SVIB(NR,6) ,SELC(NR,6) , 
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1 IS(MR,6),FDW(NR,jCP),WDEL(MR,NI), 

1 DSDF(NR,NI) ,GDUM1(KR,NI) ,GDUH2(NR,NI) ,GDUM3(NR,NI) , 

1 DW(JCP,NI) ,GRVB(JCP,NI) ,CM(JCP,NI). 

1 DUMl(NI) ,DUM2(NI) ,DUH3(NI) ,DUM4(NI) ,DUM5(NI) , 

1 DUM6(NI) ,DUM7(NI) ,DUH8(NI) ,DUM9(NI) .DUMIO(NI) , 

1 WM(NI),T(NI),TTV(NI),RHO(NI), 

2 TA(IOO) ,WOLD(IICPL, JJCPL,KKCPL, JSPEC) 
include ’ cent 1 . inc ’ 

include ’indxl.inc’ 
include 'read. inc’ 
include ’ therml . inc ’ 

DATA GASl/82 ,07835/ 

DATA 111/0/ 

IF(III,EQ.O) THEN 
IF(MULTM) JRL=JCF-1 
THIRD=l./3. 

RH0C=32 . 2*454 . / ( 12 . *2 . 54) ♦ *3 . *RIN 

CONV=SCALE*SQRT(RIN/PIN) /RHOC 

C0NVJ=C0NV*RH0C 

TINC=TIN/1,8 

DO 1 KR=1,NRCT 

1 KREX(KR)=0 

DO 3 IC0N=1,6 
DO 2 KR=1,NRCT 
IF(IPR(KR,ICON),EQ.O) THEN 
IF (ICON. LE. 3) THEN 
KREX (KR) =KREX (KR) + 1 
ELSE 

KREX(KR)=KREX(KR)“1 

ENDIF 

ENDIF 

2 CONTINUE 

3 CONTINUE 
C 

Q ♦♦♦♦initialize WOLD array for chemical rate time relaxation**** 
IF (.NOT.RESTA) THEN 
DO 777 IRF=1,NI 
DO 777 JRF=1,NJ 
DO 777 KRF«1,NK 
DO 777 JRRF=1,JC 
777 WOLD ( IRF , JRF , KRF , JRRF) =0 . 

ENDIF 

O****************************************************************** 
C*****CHECK TO SEE IF EXPLICIT PARAMETERS ARE SET HIGH ENOUGH****** 
C*****(IICPL,JJCPL,KKCPL,JSPEC) ************************************ 

c 

c 

III=1 

ENDIF 
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c 

DO 200 J=2,NJ 
C 

DO 7 1=2, NI 

RHO(I)=Q(I,J,K,JRH)*RHOC 
T (I)=TT(I,J,K)'*TINC 
TTV (I) =TV ( I , J , K) *TINC 

TA(I)=(TTV(I)**QPARK) ♦ (T(I)**(1.-QPARK)) 
7 CONTINUE 


DO 16 JR=1,JTRN 
DO 16 1=2, NI 

16 GRT(JR,I)=C0EF(1,JR)*(1.-AL0G(T(I)))+C0EF(2.JR)/T(I) 

1 -C0EF(3,JR) 

IF(MULTM) THEN 

IF(JC.GT.5) THEN 
DO 11 1=2, NI 

11 GRT(JC,I)=C0EF(1,JC)*(1.-AL0G(TTV(I)))+C0EF(2,JC)/TTV(I) 

1 -C0EF(3,JC) 

ENDIF 

DO 12 JR=1,JCL 
DO 12 1=2, NI 

12 GRVB(JR,I)=.0 

DO 13 JR=JVF,JVL 
DO 13 1=2, NI 
TTT=CVIB ( JR) /TTV ( I ) 

TERM=EXP(TTT) 

13 GRVB(JR,I)=AL0G(1.-1./TERM) 

DO 15 JR=1,JCL 

DO 15 1=2, NI 
RTV=1./TTV(I) 

SUMQ=GDEGER ( 1 , JR) +EXP (-CELRON (2 . JR) fRTV) *GDEGER (2 , JR) 

1 +EXP (-CELR0N(3 , JR) *RTV) *GDEGER(3 , JR) 

GRVB ( JR , I ) =GRVB ( JR , I ) -ALOG (SUMQ/GDEGER ( 1 , JR) ) 

15 CONTINUE 

ELSE 

DO 17 JR=JVF,JVL 
DO 17 1=2, NI 
TTT=CVIB(JR)/T(I) 

TERM=EXP(TTT) 

17 GRT(JR.I)=GRT(JR,I)+AL0G(1.-1./TERM) 

DO 20 JR=1,JCL 

DO 20 1=2, NI 
RTT=1./T(I) 

SUMQ=GDEGER(1 , JR) +EXP (-CELRON (2 , JR) ♦RTT) *GDEGER(2 , JR) 

1 +EXP (-CELR0N(3 , JR) ♦RTT) *GDEGER(3 , JR) 
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GRT( JR, I) =GRT ( JR , I) -ALOG (SUMQ/GDEGER( 1 , JR) ) 
20 CONTINUE 
ENDIF 


DO 33 KR=1,NRCT 
DO 32 1=2, NI 

GDUM1(KR,I)=(STRN(KR,1)*GRT(IS(KR,1),I) 

1 +STRN(KR,2)*GRT(IS(KR,2),I)+STRN(KR,3)*GRT(IS(KR,3),D) 

1 -(STRN(KR,4)'»GRT(IS(KR,4),I)+STRN(KR,5)*GRT(IS(KR.5),I) 

1 +STRN(KR,6)*GRT(IS(KR,6),D) 

GDUM2 (KR , I) = (SVIB (KR , 1) *GRVB ( IS (KR , 1) , I) 

1 +SVIB (KR , 2) ♦GRVB (IS (KR , 2) , I) +SVIB (KR , 3) fGRVB (IS (KR , 3) . I ) ) 

1 -(SVIB(KR,4)*GRVB(IS(KR,4) ,I)+SVIB(KR,5)*GRVB(IS(KR,5) ,1) 

1 +SVIB(KR,6)*GRVB(IS(KR,6),D) 

GDUM3 (KR, I) = (SELC (KR , 1) *GRT ( IS (KR , 1 ) , I ) 

1 +SELC (KR , 2) ♦GRT ( IS (KR , 2) . I) +SELC (KR . 3) *GRT (IS (KR , 3) , I) ) 

1 -(SELC(KR,4)*GRT(IS(KR,4),I)+SELC(KR,5)*GRT(IS(KR,5),I) 

1 +SELC(KR,6)*GRT(IS(KR,6),D) 

32 CONTINUE 

33 CONTINUE 
C 

DO 8 JR=1,JC 
DO 8 I=2,NI 

CM ( JR , I ) =RHOC* AMAX 1(1.E-18,Q(I.J,K,JR) *RMOL ( JR) ) 
GRT(JR.I)=l.E-20 
8 DW(JR,I)=l.E-20 
C 

DO 36 KR=1,NRCT 
DO 35 1=2, NI 
• TRAT =TTV(I)/T(I) 

GDVIB= ( ABS (GDUM2 (KR , I) ) +ABS (GDUM3 (KR , I) ) ) *TRAT 
GDTRN= AM AXl ( 1 . E- 10 , ABS (GDUM 1 (KR , I ) ) ) 

FACl = AMAX1(.0,AMIN1(1. ,GDTRN/(GDTRN+GDVIB))) 

TEQV=TTV (I) / (FAC1*TRAT+ ( 1 . -FACl ) ) 

C «***assign appropriate temperature to TEQV2 according to Park**** 
IF (TMODEL) THEM 
TEQV2=TA(I) 

IF (KR.GT.IPARKl) THEN 
TEQV2=T(I) 

IF (KR.GE.IPARK2) TEQV2=TTV(I) 

ENDIF 

TEQV=TEQV2 

ENDIF 

c ♦**♦♦*♦•*♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦*♦♦♦♦♦*♦♦*♦*♦♦*♦♦♦♦*♦*♦***♦*•♦♦******** 

GDUM =AMAXl(-50., 

1 AHINl (50 . , (GDUMl (KR , I) +GDUM2 (KR, I) +GDUM3 (KR, I) ) ) ) 

ETERM=AMAXl(-50. .AHINl (50. ,COEFB(KR)/TEQV)) 

AKF =COEFA(KR) *EXP(-ETERM) *TEQV**ETA(KR) 

AKB =AKF*EXP(-GDUM) * (GAS1*TEQV) **KREX(KR) 
AKF1=AKF*CM(IS(KR,1),I) 
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P23 =CM(IS(KR,2),I)^CM(IS(KR,3),I) 

AKB1=AKB+CM(IS(KR,4) ,1) 

P56 =CM(IS(KR,5),I)*CM(IS(KR,6),I) 

DSDF(KR,I)= 

1 AKF1*(CM(IS(KR,2),I)*CMFC(KR,3)+CM(IS(KR,3),I)*CMFC(KR,2)) 
1 +AKF ♦P23*CMFC(KR,1) 

1 +AKB1*(CM(IS(KR,5),I)*CMFC(KR,6)+CM(IS(KR,6),I)*CMFC(KR,5)) 

1 +AKB ♦P56»CMFC(KR,4) 

WDEL(KR,I)=AKF1*P23-AKB1*P56 

35 CONTINUE 

36 CONTINUE 


DO 44 JR=JCF,JCL 
DO 43 KR=1,NRCT 
DO 42 1=2. NI 

CRT (JR , I) =GRT ( JR , I) + FDW (KR , JR) ♦WDEL (KR , I) 

42 DW (JR.I)=DW (JR,I)+ABS(FDW(KR,JR))*DSDF(KR,I) 

43 CONTINUE 

44 CONTINUE 
C 

DO 51 JR=JCF,JCL 
NJR=JR-JADD 
DO 50 1=2, NI 

IFAC=MINO ( 1 , IFIX (5 . E-3*T ( I) ) ) 

C J AB ( I , J , K , N JR) =IFAC* DW ( JR , I ) *CONV J 
C*******modif ied W for chemical rate time relaxation****** 
W ( I . J . JR) =IFAC*GRT ( JR , I ) *WMOL ( JR) *CONV 

W ( I . J , JR) =WFAC*W ( I , J , JR) + ( 1 . - WFAC ) *WOLD ( I , J , K , JR) 

50 WOLD(I,J,K,JR)=W(I,J,JR) 

51 CONTINUE 
C 

c 

IF(MULTM) THEN 
C 

IF(JRL.GT.l) THEN 
DO 54 JR=1,JRL 
DO 53 KR=1,NRCT 
DO 52 1=2. NI 

GRT ( JR , I ) =GRT ( JR . I ) + FDW (KR , JR) *WDEL (KR . I ) 

52 DW (JR,I)=DW (JR.I)+ABS(FDW(KR,JR))*DSDF(KR,I) 

63 CONTINUE 

54 CONTINUE 

DO 56 JR=1.JRL 
DO 55 1=2. NI 

IFAC=MINO ( 1 , IFIX (5 • E-3*T ( I) ) ) 

65 W(I . J . JR)=IFAC*GRT( JR, I) *WMOL( JR) *CONV 

56 CONTINUE 
ENDIF 
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DO 61 1=2, NI 
61 EGI0N(I,J)=.0 

IF(KIONF.LE.NRCT) THEN 
DO 65 KR=KIONF,NRCT 
JION=KIOMR(KR) 

DO 64 1=2, NI 

64 EGIONd , J)=EGION (I , J) +CONV*EION(KR) *FDW(KR, JION) ♦WDEL (KR, I) 

65 CONTINUE 
ENDIF 
ENDIF 


200 CONTINUE 
RETURN 
END 


9.5.4 disq.f 

This subroutine was modified to indued Appleton and Bray’s translational coupling between heavy 
partides and free electrons. 


(;; 4c 4c ♦ ^ 4c 4c * ♦ 4c 4^ 4c 4c 4: 4c 4c 4c * 4c 4c Ife 4c 4c 4c 4c 4c 3(c 4c 4e 4c 4 m|c « ^ 4c ](c J)c 4c 4c 4c ^ 4: 4c * 

SUBROUTINE DISQ (K , NI , N J ,NIP , NJP , NKP , NS ,NSLP , JLST . JCP ,NR, 

1 Q,P,T,TTV,CJAB,W,EGI0N,EDIF,SUM1.SUM2, SUMS, SUM4, SUMS, 

1 SUMS, SUMWEV, SUM, PRESS, RHO.TT, TV, 

1 DUM 1 , DUM2 , BUMS , DUM4 , DUM5 , DUMB , DUM7 , DUMB , DUM9 , DUMIO , 

1 DUM11,DUM12,DUH13,DUM14,DUM15) 

DIMENSION RHO(NI) ,PRESS(NI) ,TT(NI) ,TV(NI) ,SUM1(NI) , 

1 SUM2(NI) ,SUM3(NI) ,SUM4(NI) ,SUM5(NI) ,SUM6(NI) ,SUMWEV(NI) , 

1 SUM(NI) ,EDIF(NI) ,CJAB(NIP,NJP,NKP,NSLP) ,W(NI,NJ, JCP) , 

1 DUMB (NR,6) , Q (NIP , N JP , NKP , JLST) ,P (NIP , NJP , NKP) , 

1 DUM6(NR,JCP) ,T(NIP,NJP,NKP) ,TTV(NIP,NJP,NKP) ,EGION(NI,NJ) , 
1 DUM1(NI),DUM2(NR,6),DUM3(NR,6) ,DUM4(NR,6) ,DUM7(NR,NI) , 

1 DUM8(NR,NI) ,DUM9(NR,NI) ,DUM10(NR,NI) ,DUM11(NR,NI) , 

1 DUM12(JCP,NI) ,DUM13(JCP,NI) ,DUM14(JCP,NI) ,DUM15(JCP,NI) , 

1 ICCS(10),CCS(3,10),SUMNEW(100) 

C.....NOTE: dimension on SUMNEW assumes NK=100***** 

LOGICAL TECPL 
include ’contl.inc’ 
include * indxl . inc ' 
include 'therml.inc’ 

C***************** ***♦♦♦**♦♦*♦*♦♦***♦*.. ♦♦♦♦*♦*♦♦♦*♦***♦*•**•.* 
DATA 111/0/ 

IFCIII.EQ.O) THEN 
THIRD=l./3. 

C0NS18=1,8*C0NS 
TCON =TIN/1.8 
TSKC0N=5000./TCGN 
ELC0N=1 . 5*28 . 853*RM0L ( JC) 
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RHC0N=1000 . *32 . 2*454 . *RIN/ ( 12 . *2 . 54) **3 

PCON =PIN/2116.8 

CONV =SQRT(RIN/PIN)*SCALE 

C0NEE=6 . 02E26*SQRT(WM0L( JC) *8 . *8314 . /3 . 14159) 

Cl =5.9E-12 

C2 =SQRT (WHOL ( JC) ) / (C0NEE*2 . 5E- 12) /RHCON 

TSK = ( 1 . +2 . •GAMMA* (ACH**2-1 . ) / (GAMMA+1 . ) ) 

1 * (2 . / ( (GAMMA+1 . ) *ACH**2) +(GAMMA-1 . ) / (GAMMA+1 . ) ) 

TVSK=1. 

DTSK=TSK-TVSK 

SKP0W=3 . 5*EXP(-TSKCON/TSK) -1 . 

WRITE(6,*) ELCOM, RHCON, PCON, CONV 
WRITE (6,*) C0NEE,C1,C2 

C***********added in DATA loop for Gnoffo’s T-E coupling************ 
C4>*ii^«*«***** — >TECPL is the flag for trans . -electron coupling 
C^t^i^^iti****** — >TECPL=TRUE for Gnoffo’s version of trans-elecr. cpling 
C*********** — >TECPL=FALSE for Tam’s version 
READ (88,*) 

READ(88,*)TECPL 
IF (TECPL) THEN 

B0LTZ=1.380622E-23 * 1.E24 
ESU=1.5188E-14 * 1.E12 
PI=3. 14159 
AV0G=6.02E26/1.E8 

c write(*,*)’ k,e,N = ’ ,B0LTZ,ESU,AV0G 

Al= (ESU**4) *AV0G*8 . *THIRD 
A2=SQRT(PI*AV0G*RM0L( JC) /8 . /B0LTZ**3) 
B1=(B0LTZ/PI**THIRD/ESU/ESU)**3 
c write(*,*) ’A1,A2,B1= ’,A1,A2,B1 

READ (88,*) KMAX 
DO 200 KK=1,KMAX 

200 READ(88,*) ICCS(KK) , (CCS(J,ICCS(KK)) , J=l,3) 

CL0SE(88) 

c 

WRITE (*,*) KMAX 
DO 1000 KK=1,KMAX 

1000 WRITE(*,*) KK,ICCS(KK),(CCS(J,ICCS(KK)),J=1,3) 

C 

C************indexing for collision frequency of ions************* 
C**N0TE: fix indexing for species sets with no electrons maybe???? 
write(*,*) ’********KMAX = ’, KMAX 
KPNTR=KMAX 
DO 210 JR=1,JC-1 
KKFLAG=1 

DO 205 KK=1,KMAX 

205 IF (JR.EQ.ICCS(KK)) KKFLAG=0 

IF (KKFLAG.EQ.l) THEN 
KPNTR=KPNTR+1 
ICCS(KPNTR)=JR 
ENDIF 

210 CONTINUE 
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c do 1001 KK=KMAX+1,JC“1 

c 1001 write (♦,♦) KK,ICCS(KK) 

c write(^,*)KPNTR,JC, » KPNTR,JC* 

ENDIF 

C 

III =1 

C 4c 4c 4c i|c 4c 4c 4c 4c % 4^ 4c 4c ♦ 4c ♦ ♦ 4c * ♦ ♦ « ♦ « * 

ENDIF 

c VIBRATIONAL COUPLING 

DO 100 J=2,NJ 

DO 1 1=2, NI 

TT(I)=T(I,J,K)*TCON 

TV(I)=TTV(I,J,K)*TCON 

RHO(I)=Q(I.J,K,JRH)*RHCON 

PRESS(I)=P(I,J,K)*PCON 

SUMWEV(I)=.0 

SUH1(I)=.0 

SUM2(I)=.0 

SUH3(I)=.0 

SUM4(I)=.0 

SUM5(I)=.0 

1 SUM6(I)=.0 
C 

IF(JC.GT.5) THEN 
DO 2 1=2, NI 

SUM5(I)=Q(I,J,K,JC)*(C0EF(1,JC)+C0EF(2,JC)/TV(I)-1.) 

1 ♦TV(I)*RMOL(JC) 

2 SUMS (I) =Q (I . J , K , JC) ♦ (COEF( 1 , JC) +C0EF(2 , JC) /TT(I) -1 . ) 

1 *TT(I)*RMOL(JC) 

ENDIF 

C 

DO 3 JR=JVF,JVL 
DO 3 1=2, NI 

XCC=Q(I,J,K,JR)fRMOL(JR) 

SUM1(I)=SUM1(I)+XCC 

SUM2 (I ) =SUM2 (I) +XCC*XCC*SQRT (RMOL ( JR) ) 

TTT=.5*CVIB(JR)/TT(I) 

TERM=EXP(TTT) 

RTERM=1./TERM 

TERM1=2 . ♦TTT/ (TERM-RTERH) 

3 SUM3(I)=SUM3(I)+Q(I,J,K,JR)*(TTT+TERMl*RTERM)*Tr(I)*RM0L(JR) 
DO 4 JR=JVF,JVL 

DO 4 1=2, NI 

TTT= . 5*CVIB ( JR) /TV ( I) 

TERM=EXP(TTT) 

RTERH=1./TERH 

TERM1=2 . ♦TTT/ (TERM-RTERM) 

ERB= (TTT+TERM 1 *RTERM) ♦TV ( I ) *RMOL ( JR) 

SUM4 (I)=SUM4 (I) +Q ( I , J , K , JR) ♦ERB 

4 SUMWEV(I)=SUHWEV(I)+ERB^W(I,J,JR) 
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DO 5 JR=1,JCL 
DO 5 1=2, NI 
RTV=1./TV(I) 

GEX2=EXP (-CELRON (2 , JR) *RTV) *GDEGER(2 , JR) 

GEX3=EXP ( -CELRON (3 , JR) ♦RTV) *GDEGER(3 , JR) 

SUMQ=GDEGER( 1 , JR) +GEX2+GEX3 
SUMCQ=GEX2*CELR0N (2 , JR) +GEX3*CELR0N (3 , JR) 
ERB=(SUHCq/SUMQ+C0EF(4 , JR) *THIRD*TV(I) *f3-C0EF(5 , JR) *RTV) 

1 •RMQL(JR) 

SUM5(I)=SUM5(I)+Q(I,J.K,JR)*ERB 
SUMWEV (I) =SUMWEV ( I ) +ERB*W ( I , J , JR) 

5 CONTINUE 
DO 7 JR=1,JCL 
DO 7 1=2, NI 
RTT=1./TT(I) 

GEX2=EXP (-CELRON (2 , JR) *RTT) *GDEGER(2 , JR) 

GEX3=EXP (-CELRON(3 , JR) *RTT) *GDEGER(3 , JR) 

SUMQ=GDEGER( 1 . JR) +GEX2+GEX3 
SUMCQ=GEX2*CELR0N(2 . JR) +GEX3*CELR0N(3 , JR) 

SUMS ( I ) =SUM6 ( I ) +Q ( I . J , K , JR) ♦ (SUMCQ/SUMQ 

1 +COEF (4 , JR) *THIRD*TT ( I ) *f3-C0EF (5 . JR) *RTT) ♦RMOL { JR) 

7 CONTINUE 

DO 10 1=2, NI 

DTCL=ABS (TSK-TTV(I , J , K) ) 

CORRL= (DTCL/DTSK) ♦fSKPOW 

DEVIB= (SUM3 (I ) -SUM4 ( I ) ) *C0RRL*C0NS18 

TSCLE=C1*EXP (220 . /TT(I) ♦* . 33333) /PRESS(I) 

1 +C2*SUMl(I)*TT(I)t=t'1.5/SUM2(I) 

EDIF(I)=((SUM4(I)-SUM3(I))+(SUM5(I)-SUH6(I)))*C0NS18 
EDIF(I)=EDIF(I)+SIGN(1.E-10,EDIF(D) 

CWES=AMIN 1 ( . 0 , SUMWEV ( I ) ♦CONS 18/ED IF ( I) ) 

C0NST1=C0NV/TSCLE 

W(I,J,JCP) = CONSTl^DEVIB + CWES^EDIF(I) 

CJAB(I,J,K,NSLP)= CONSTl - CWES 
10 CONTINUE 


ELECTRON IMPACT 

IF(JEl.GT.O) THEN 
DO 21 1=2, NI 

21 SUM(I)=.0 
DO 22 JR=JE1,JE2 
DO 22 1=2, NI 

22 SUM(I)=SUM(I)+ELCRS(JR)^q(I,J,K,JR)^RM0L(JR)^^2 
C^=^==««*Gnof f o ’s T-E coupling** **♦♦*♦♦♦♦♦♦*♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

IF (TECPL) THEN 
DO 821 1=2, NI 
821 SUMNEW(I)=0. 

C***»***neutral particles******* 
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DO 822 KK=1,KMAX 
JR=ICCS(KK) 

DO 822 1=2, NI 

SIGMAE=CCS (1 , JR) +CCS (2 , JR) *TV (D+CCS (3 , JR) ♦TV(I) *TV(I) 
CFREQP=RMOL(JR)*RMOL(JC)*SIGHAE*CONEE*SQRT(TV(I)) 
SUMNEW (I) =SUMNEW(I) +Q ( I , J , K , JR) ♦CFREQP*RMOL (JR) 

822 CONTINUE 
C 

C+**+*** charged particles******* 

DO 823 KK=KMAX+1,JC~1 
JR=ICCS(KK) 

DO 823 1=2, NI 

DELEC=AMAX1 (1 , E-18 , Q(I , J ,K , JC) ) 

B2=WM0L( JC) *TV(I) **3/AV0G/l . E8/RHC0N/DELEC 
CFREQP=A 1 * A2 *RMOL ( JR) /TV ( I ) * * 1 . 5 
+ *AL0G(B1*B2) 

823 SUMNEW ( I ) =SUMNEW ( I ) +Q ( I , J , K , JR) *CFREQP * RMOL ( JR) 

ENDIF 

C 

DO 25 1=2, NI 

CONST2=2 . *CONV*RHCON*SUM ( I ) *TV ( I ) *SQRT (TV ( I ) ) 

DTTV=(T(I.J,K)-TTV(I,J,K)) 

IF (TECPL) THEN 

**C0NST3 is for Gnoffo’s T-E coupling & shoud have** 
**the same basic form and units as Tam’s C0NST2** 
C0NST3=2 . *C0NV*RHC0N*SUMNEW ( I ) * WMOL ( JC ) 

C0NST2=C0NST3 

ENDIF 

VS0R=C0NST2*q ( I , J , K , JC) *ELCON*DTTV 
W(I,J,JCP) =W(I,J,JCP) +WS0R - EGI0N(I,J) 

CJAB(I,J,K,NSLP)=CJAB(I,J,K,NSLP) + C0NST2 
1 +ABS(EGI0N(I,J)/EDIF(D) 

25 CONTINUE 
ENDIF 

100 CONTINUE 
RETURN 
END 


9.5.5 dum.f 

The only modification to this subroutine was to include the variable TCH (chemical time-step 
modification) in the restart file. 

9.5.6 radcalc.f 

This subroutine was added to call the radiation routines from INEQ3D. 


SUBROUTINE RADCALC (DQDY , I 


,K,NI,NJ,NK,NIP,NJP,NKP,q,P,T, 
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1 TV,X,Y,Z,JC.JLST,JRH,IPRAD) 
include ’therml.inc’ 
include ’contl.inc' 

COMMON /INEQVARS/ PRSR(99) ,TE(99) ,TTRANS(99) ,DIST(99) ,QQ(99,12) 
COMMON /WALRAD/ FIPIl, TLCPl 

DIMENSION DQDY ( 100) , Q (NIP , N JP , NKP . JLST) , P (NIP , N JP , NKP) , 

1 T (NIP , N JP , NKP) , TV (NIP , N JP , NKP) , X (NI , N J , NK) , Y (NI , NJ , NK) , 

1 Z(NI,NJ,NK) 

C 

C***IPRAD = 0 for supressed output eind coupled version of Qi, j ,k, jr*** 
C***IPRAD = 1 for radiation output and post-proc. vers, of Qi,j,k,jr** 
DIST(1)=0. 

IM=I-1 

KM=K-1 

DO 100 J=1,NJ 
DQDY(J)=0. 

JM=MAX0(1,J-1) 

PRSR(J)=P(I,JM+1,K) 

TE(J)=TV(I,JM+1,K) 

TTRANS(J)=T(I,JM+1,K) 

XK=.25*(X(I.J,K)+X(IM,J,K)+X(I,JM,K)+X(IM,JM,K)) 

YK=.25*(Y(I,J,K)+Y(IM,J,K)+Y(I,JM,K)+Y(IM,JM,K)) 

ZK=.25*(Z(I.J,K)+Z(IM,J,K)+Z(I,JM,K)+Z(IM,JM,K)) 

XKM=.25*(X(I,J,KM)+X(IM,J,KM)+X(I,JM,KM)+X(IM,JM,KM)) 

YKM=.25’»(Y(I,J,KM)+Y(IM,J,KH)+Y(I,JM,KM)+Y(IM,JM,KM)) 

ZKM=.25*(Z(I,J,KM)+Z(IM,J,KM)+Z(I,JM,KM)+Z(IM,JM,KM)) 

XC=.5*(XK+XKM) 

YC=.5*(YK+YKM) 

ZC=.5*(ZK+ZKH) 

IF (J.GT.l) THEN 

DD= ( (XC-XCOLD) ♦ *2 . + (YC-YCOLD) **2 . + (ZC-ZCOLD) **2 . ) **0 . 5 

DIST(J)=DIST(JM) +DD 
ENDIF 
XC0LD=XC 
YC0LD=YC 
ZC0LD=ZC 
DO 150 JR=1,JC 

qQ(J,JR)=Q(I,JM+l,K,JR)/Q(I,JH+l,K,JRH) 

150 CONTINUE 

QQ(J,JRH)=Q(I,JM+1,K,JRH) 

100 CONTINUE 
C 

CALL RADHEAT (DQDY , N J , JC , JLST , P I N , TIN , RIN , SCALE , IPRAD) 

C 

C WRITE RADIATIVE HEATING VALUES AT WALL TO FILE 
C FIPIl IS THE CONTINUUM HEAT FLUX TO THE WALL 

C TLCPl IS THE TOTAL LINE CONTRIBUTION TO THE HEAT FLUX TO THE WALL 

C FIPIl+TLCPl IS THE TOTAL RADIATIVE HEAT FLUX TO THE WALL 

IF (IPRAD. EQ.l) WRITE(55,*) I, FIPIl, TLCPl. FIPIl+TLCPl 
RETURN 


95 



END 


9.5,7 reror.f 

This subroutine was modified to output the RMS difference of the solution vector, the value and 
location of the maxi m um difference, and the maximum and minimum time steps. 


SUBROUTINE REROR(MULTM , FSTP , ISTP , IFILE , MAX , NI , N J , NK , 

1 NIP,NJP,MKP,NLST,DELQ,DIFMAX,DIFMX1,A,DUM,DT) 

INTEGER FSTP.FSTPl 
LOGICAL HULTH 

DIMENSION DELQ(NIP,NJP,NKP,NLST) .DIFMAX(NLST) ,DRHS(20). 

1 DUM (MAX) , A (NIP , N JP , NKP) , DIFMX 1 (NLST) , IDM (20) , JDH (20) , 

2 DT(NI,NJ,NK) 


include ’contl.inc’ 


include 'indxl.inc’ 

DATA 111/0/ 
IF(III.EQ.O) THEN 
JCNSL=JC-NSL 
FSTPl=FSTP+20 


HINFY=1 . +GBNEQ+ . 5*GAMMA* ACH**2 

PST=(1 . -GAHMA+2. *GAMMA*ACH**2) * ( ( 1 . +GAMMA) **2*ACH*.2/ 
1 (4 . *GAMMA*ACH**2-2 . * (GAMMA- 1 . ) ) ) * *Gk/ ( 1 . +GAMMA) 

RST=GA.PST/HINFY 
RRST=1./RST 
RSTHIN=1 . /(RST+HINFY) 

ACHSGM=1 . /(ACH.SQRT (GAMMA) ) 

DO 1 NJR=1,NLST 
1 DIFMAX(NJR)=.0 
III=1 


ENDIF 


C.*....<tc.........ADDED TO FIND MAX AND MIN TIME STEP VALUES****.***.. 

DTHAX=0. 


DTMIN=9999. 

DO 600 J=2.NJ 

DTHAX=AMAX1 (DTMAX ,DT(2 , J , 2) ) 
DTHIN=AMIN1 (DTMIN , DT (2 , J , 2 ) ) 
600 CONTINUE 


C************VmiTE DTMAX AND DTMIN TO OUTPUT FILE**************** 
WRITE(8,*) ’ITER, DTMAX, DTMIN: MSTP, DTMAX, DTMIN 



C*****.*...*.**.**aDDED lines for RMS OF THE CHANGE IN Q******... 
DO 3 NJR=1,NLST 
DRMS(NJR)=0.0 
DO 2 K=2,NK 
DO 2 J=2,NJ 
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495 DT (I , J , K) =DT (I , J , K) ♦TCH*RMAX/ ( . 5+RMAX) 

C 

DO 490 NJR-NS1,NSL 
JR=NJR+JADD 
DO 490 J=2,NJ 
DO 490 1=2, NI 

IFACl=MIN0(l,IFIX(q(I,J,K,JRH)*l.E6 -1.)) 
IFAC2=10*MIN0(1,IFIX(Q(I,J,K,JR )*1.E4/Q(I,J,K,JRH)-1.)) 

TERM =IFAC1*DT(I,J,K)*V0L(I,J,K)*W(I,J,JR) 
CRH0=Q(I,J,K,JR)+l.E-4 

TCHN=AMIN1 (TCHN ,CRHO/ (CRH0+IFAC2*ABS (TERM) ) ) 

490 W(I,J,JR)=TERM 
C 

DO 496 NJR=1,NLST 
DO 496 J=2,NJ 
DO 496 1=2, NI 

496 DELQ (I,J,K,NJR)=-DT(I,J,K)*DELQ(I,J,K,NJR) 

DO 497 NJR=NS1,NSL 

JR=NJR+JADD 
DO 497 J=2,NJ 
DO 497 1=2, NI 

CJAB(I,J,K,NJR)=CJAB(I,J,K,NJR)*VOL(I,J,K) 

497 DELQ(I,J,K,NJR)=(DELQ(I,J.K,NJR)+W(I,J,JR)) 

IF(MULTM) THEN 

DO 498 J=2,NJ 
DO 498 1=2, NI 

IFACl=MIN0(l,IFIX(q(I,J,K,JRH)*l.E6-l.)) 

DELq ( I , J , K , N JEV) =DELq ( I . J , K . N JEV) 

1 +IFAC 1*DT ( I , J . K) *VOL (I , J , K) *W (I . J . JCP) 

498 CJAB(I,J,K,NSLP)=CJAB(I,J,K,NSLP)*VOL(I,J,K) 

ENDIF 

C 

C********RADIATI0N coupling FOR THE GLOBAL ENERGY EqUATION******** 

IF (RAD2) THEN 
DO 920 J=2,NJ 
DO 920 1=1, NI 

IFACl=MIN0(l,IFIX(q(I,J,K,JRH)*l.E6 - 1 .)) 

920 DELq (I , J ,K ,NJE) =DELq (I , J , K, NJE) +IFAC1*DT(I , J , K) ♦VOLCI , J , K) 

+ ♦RADFLX(I,J,K) 

C 

C*** ♦RADIATION CPLNG FOR VIB-ELECRON-ELECTRONIC ENERGY EqUATION**** 
IF (MULTM.AND.RADVEE) THEN 
DO 940 J=2,NJ 
DO 940 1=2, NI 

IFACl=MIN0(l,IFIX(q(I,J,K,JRH)*l.E6 - 1 .)) 

940 DELq(I,J,K,NJEV)=DELq(I,J,K,NJEV)+IFACl*DT(I,J,K) 

+ *VOL(I,J,K)*RADFLX(I,J,K) 

ENDIF 

ENDIF 

C 

500 CONTINUE 
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TCH=TCHN 

RETURN 

END 


9.5.9 start./ 

The only modification to this subroutine was to include the variable TCH (chemical time step 
modification) in the restart file. 


102 




